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ANNALES AGRICULTURAE FENNIAE, VOL. 22: 1-7 (1983) 
Seria HORTICULTURA N. 51—Sarja PUUTARHAVILJELY n:o 51 
A NEW VARIETY OF ARCTIC BRAMBLE 'PIMA' 
ANNIKKI RYYNÄNEN and PIRJO DALMAN 
RYYNÄNEN, A. & DALMAN, P. 1983. A new variety of arctic bramble 'Pima'. Ann. 
Agric. Fenn. 22: 1-7. (Agric. Res. Centre, South Savo Exp. Sta., SF-50600 Mik-
keli 60, Karila, Finland.) 
Wild arctic bramble strains and the varieties 'Mespi' and 'Mesma' were crossed in 
1964-1969 t the North Savo Experimental Station of the Agrictiltural Research 
-Centre. Between 1971 and 1981 two coMparative field trials were carried out at the 
South Savo Experimental Station. 
The test yields varied widely from year to year, and weather conditions proved to 
be of great importance in fruiting. The most productive was a clone from the cross 
'Mespi' x 'Mesma'. In 1978-1981 the average yield of the selection was 32,5 kg/ 
100 m2, being  almost twice the yield of 'Mespi' and 'Mesma'. The berries of the clone 
'Mespi' x 'Mesma' have a strong aroma of arctic bramble and sweet flavour. They are 
uniformly dark red and larger than the berries of 'Mespi' and 'Mesma'. The cross can 
be harvested a few days earlier than the individual varieties. 
It has been decided to release the clone from the cross 'Mespi' x 'Mesma' for 
cultivation under the name 'Pima' in 1982. 
Index words: Rubus arcticus L., arctic bramble, aroma. 
INTRODUCTION 
The berries of the arctic bramble (Rubus 
arcticus L.), which is also called nectarberry, 
have an excellent aroma and flavour and are 
used to make jam and liqueur. This valuable 
berry from the northern regions has been ob-
served to be declining in the wild. Research 
into the cultivation potential of the arctic 
bramble was therefore begun as far back as 
1930s in those areas of Finland where the plant 
mostly fruits (RYYNÄNEN 1973). Cultivation 
experiments have also been performed in the 
Karelian USSR (CHERNOVA 1959), and in the 
north of Sweden (LARSSON 1970). 
A handbook on practical cultivation was 
published (RYYNÄNEN 1971) and plants of the 
first arctic bramble varieties 'Mespi' and 'Mesma' 
became available at the beginning of the 1970s 
(RYYNÄNEN 1972). These varieties are clones 
from two strains selected from a collection of 
wild arctic bramble plants obtained from differ-
ent parts of Finland. Because fruit development 
is dependent on crosspollination with another 
strain the varieties must be cultivated together 
(TAMMISOLA and RYYNÄNEN 1970). 
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The arctic bramble is cultivated mainly in 
gardens. The beverages industry and consumers 
get berries with varying success from the 
dwindling wild habitats. Commercial cultiva-
tion was hampered by the unfavourable weather 
at the beginning of the 1970s. The low produc-
tivity, the difficult control of weeds and the 
timeconsuming harvesting have also precluded 
economic cultivation. Picking is laborious, 
because the shoots of the plants are short, the 
berries are small, and the fruiting season is a 
long one. 
Attempts have been made to improve the 
cultivability of the arctic bramble by crossing it 
with a similar species, Rubus stellatus Sm., 
which grows wild in Alaska, and with the 
raspberry R. idaeus L. Two new cultivated 
plants and four .varieties have already been 
developed: the nectar raspberry (R. idaeus x R.  
arcticus), varieties 'Heija' and 'Heisa' (HIIRSALMI 
and SÄKÖ 1976, 1981); and the species R. 
arcticus L. subsp. x stellarcticus G. Larsson 
subsp. nov. (in Swedish 'allåkerbär'), varieties 
'Anna' and 'Linda' (LARSSON 1980). Cultivars 
from the cross R. stellatus x R. arcticus are 
being developed, too (HiiRsALmi and SÄKÖ 
1980). However, the special aroma of the 
nectarberry cannot be fully reproduced in the 
obtained varieties. 
This paper reports the arctic bramble breed-
ing done at the North Savo and South Savo 
Experimental Stations. The wide variation 
among wild strains had been observed before 
(RYYNÄNEN 1973). Selection was therefore 
continued and the best clones were crossed. 
The aim was to develop varieties with a good 
flavour and whose yield and berry size were 
larger than those of 'Mespi' and 'Mesma'. 
PLANT MATERIAL AND METHODS 
Materia' of R. arcticus was brought to the 
North Savo Experimental Station first from 
the vicinity of the station and from 1960 on-
wards from different parts of Finland. Strains 
were crossed in 1964-1969. The most promis-
ing 49 clones were transferred to the South 
Savo Experimental Station, and a comparative 
experiment was established in 1971. The experi-
ment included the two varieties 'Mespi' and 
'Mesma', the five wild strains Lu (from Lumijo-
ki), Tri and Tr2 (from Maaninka, the Terva-
ranta farm), Sti and St2 (from Maaninka, the 
Starck farm) and three clones from the crosses 
'Mesma' x T2 (T2 from Tikkurila), Le/C x 
'Mespi' (Le/C from Lepaa) and 'Mespi' x 'Mes-
ma'. Because of the unfavourable weather, the 
yields of the arctic bramble were very low at 
the beginning of the 1970s, and a new trial of 
the same clones without Sti and Tri was 
planted in 1977. 
The clones were propagated vegetatively 
from suckers and isolated from each other by 
placing c. 40 cm broad sheets of plastic or roof-
ing felt upright in the ground. In the experi-
ment established in 1971 the shoots were 
spread out in a continuous furrow with 1 m 
intervals between the rows. In 1977 the inter-
vals were 1,5 m, and there were 40 cm broad 
paths between the rows. The soil surface was 
covered with a 2 cm layer of wood chips. 
In summer 1980, the leaves, flower buds, 
flowers and berries of 'Mespi', 'Mesma' and the 
clone 'Mespi' x 'Mesma' were observed and 
measured. The measurements were done ac-
cording to RYYNÄNEN (1973). 
The yield results of the comparative field 
trials and the results of the clone measurements 










Table 1. Comparison of the varieties, natural strains and cross clones of the arctic bramble planted in spring 1971. 
Saleable yield in 1972-1977 and the average_ of six years. Cover percentage of vegetation in the blocks in 1977. Quality 
of berries (the flavour and appearance in the sensory tests) in 1973-1974;-  rating 1-5: 5 = very strong arctic bramble 
aroma, sweet, uniformly red. 
Variety 
Strain 
Selection 1972 1973 
Saleable yield (kg/100 m2) 







'Mespi' 3 33 6 6 2 9 9,8 4,8 
45 
'Mesma' 1 17 7 1 0 6 5,3 3,0 
35 
Lu 2 46 6 5 1 5 10,8 3,5 
25 






















St2 2 46 6 0 0 6 10,0 3,5 
35 
'Mesma' X T2 3 30 13 0 1 18 10,8 3,8 
70 
Le/C x 'Mespi' 2 31 7 3 3 11 9,5 3,0 
70 
'Mespi' x 'Mesma' 2 52 16 3 3 20 16,0 4,5 60 
differences between clones: in 1973 8,99"*" 
1974 4,74** 
1977 10,39*** 





RESULTS OF COMPARATIVE TESTS 
F and significance of yield 
The yields of the field trials varied widely from 
year to year (Tables 1 and 2). In both experi-
ments, the yields were best two years after 
planting, in 1973 and 1979. In these years the 
beginning of the summer was warm and rainy. 
HIIRSALMI (1975) has also observed that the 
best yields are obtained when it is warm and 
humid during the flowering of the arctic 
bramble. 
In 1975 the blossom from the early summer 
was destroyed by frosts, in 1976 the early 
summer was cold and rainy, and, conversely, 
the summers of 1972 and 1980 were hot and 
dry. In these four years poor yields were 
obtained. In RYYNÄNEN'S (1973) experiments, 
spring frosts, heavy continuous rainfall or long, 
dry heat-waves also seriously disturbed the 
berry development. Similar observations have 
been made by SAASTAMOINEN (1930), KOTI-
LAINEN (1949) and CHERNOVA (1959). 
Flowering of the arctic bramble begins 
towards the end of May and continues through- 
Table 2. Comparison of the varieties, natural strains and 
cross clones of the arctic bramble planted in spring 1977. 
Saleable yield in 1978-1981 and the average of four 
years. Size of berries, average for 1978-1981. Cover 




Saleable yield (kg/100 m2) 







'Mespi' 9 35 10 12 16,5 90 90 
'Mesma' 11 34 10 12 16,8 , 85 85 
Lu 8 48 7 16 19,8 85 75 
Tr2 14 37 9 16 19,0 105 95 
St2 11 37 6 27 20,3 122 95 
'Mesma' x 
T2 11 37 13 18 19,8 105 90 
Le/C x 
'Mespi' 8 33 10 13 16,0 100 85 
'Mespi' x 
'Mesma' 12 63 19 36 32,5 109 85 
F and significance of yield 
differences between clones: in 






length of leaf (mm) 
breadth of leaf (mm) 
length of middle leaflet (mm) 
breadth of middle leaflet (mm) 
length-to-breadth ratia of middle leaflet 
Flower buds immediately before opening 
length of bud (mm) 
breadth of bud (mm) 
calyx-to-corolla ratio 
Flowers 
no. of petals 
no. of sepals 
diameter of flower (mm) 
hairiness of calyx 
receptacle 
stamen filaments 
Beginning of flowering, mean 1978-1981 
Fruit 
weight of 100 berries (g), mean 1978-1981 
colour 
taste 









equal in length. 















out the summer, but the flowers of early sum-
mer set the most fruit (RYYNÄNEN 1973). 
Thus, successful flowering and pollination in 
early summer are very important to the yield, 
which could be seen in the results of the com-
parative trials. Therefore, the potential for 
using overhead spray irrigation in the frost pro-
tection of the arctic bramble should be tested. 
Attempts should also be made to increase the 
humidity by spraying the vegetation during hot 
periods. Fruit development is dependent on 
cross-pollination and a beehive near the field 
ensures a good supply of pollinating agents in 
early summer, but nothing can be done about 
cold and rainy weather inhibiting the flights of 
the insects. 
Table 3. Properties of the varieties 'Mespi' and 'Mesma' and the selection 'Mespi' x 'Mesma' (n = 10). 
F and 
'Mespi' 	 significance 
of differences 
















7,5 7,5 0,85 ns 
5,3 5,3 3,50* 
equal in length calyx usually 
or calyx a bit longer than 
longer than corolla 
corolla 
7,1 6,1 17,29"** 
6,6 6,1 3,83* 
22,9 23,9 4,86* 





82,8 106,9 6,04** 
dark red dark red 
somewhat acid sweet 
14.7-16.8 	11.7-20.8 
The selection from the cross 'Mespi' x 
'Mesma' was the most productive in both 
experiments (Tables 1 and 2). Its average yield 
in the four years from 1978-1981 was 32,5 kg/ 
100 m2 - almost twice as high as the yield 
from the control variety 'Mespi'. The productiv-
ity of 'Mespi' has dropped markedly since the 
1960s. In 1961-1963 the average yield of 
'Mespi' was 39 and that of 'Mesma' 18 kg/  
100 m2, and in 1965-1967 35 and 17 kg/ 
100 m2, respectively (RYYNÄNEN 1973). In the 
trial planted in 1971 the yield of 'Mespi' was 
still almost twice the yield of 'Mesma', but in 
the second trial the yields were same. The 
reason for the degeneration of 'Mespi' could be 
contamination by viruses. Therefore 'Mespi', 
'Mesma' and the selection 'Mespi' x 'Mesma' 
have been given to the Institute of Plant Path- 
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ology for testing, and they will be put on sale 
through the Production Unit for Healthy 
Plants. 
In the sensory tests the berries of the clone 
'Mespi' x 'Mesma' were almost as good as the 
berries of 'Mespi', and better than those of 
'Mesma' (Table 1). The berries of the selection 
were significantly bigger than those of the varie-
ties (Tables 2 and 3). 
When the leaves, buds, flowers and berries of 
the varieties and the selection were compared, 
many significant differences were observed and 
the results were much the same as those found 
by RYYNÄNEN (1973) (Table 3). The size of 
the flower buds, the androecium and the colour 
of berries of the cross resembled those of 'Mes-
ma', the number of sepals and petals and the 
taste of the berries were like those of 'Mespi'. 
The selection was intermediate between the  
varieties with regard to the shape of the middle 
leaflet and the hairiness of the calyx. The 
flowers and berries of the cross were larger 
than those of the varieties. 
The comparative investigations led to the 
decision to recommend the selection from the 
cross between 'Mespi' and 'Mesma' for general 
cultivation in 1982 under the variety name 
'Pima'. The aim of the breeding work — a new 
variety with a good flavour and a yield and 
berry size greater than those of 'Mespi' and 
'Mesma' — was fulfilled satisfactorily. It also 
was noted that there are large gene resources in 
the natural populations of Rubus arcticus which 
have not yet been exploited. It is possible to 
increase berry size and productivity still further 
by selecting natural strains and by crossing 
them with each other. 
THE ARCTIC BRAMBLE VARIETY 'PIMA' 
The arctic bramble variety 'Pima' is selected 
from the offspring of a cross 'Mespi' x 'Mesma' 
performed in 1965 at the North Savo Experi-
mental Station of the Agricultural Research 
Centre. 
The leaflets in the leaves of 'Pima' are usually 
somewhat circular in shape. The flower buds 
are large, and the calyx is longer than the 
corolla. The flowers are also large, having a dia-
meter of about 23-25 mm. The stamen fila-
ments are white. The receptacle is flat, and the 
calyx is sparsely hairy. 'Pima' begins flowering 
earlier than 'Mespi' and 'Mesma'. 
The harvesting of 'Pima' can also begin a few 
days earlier than that of 'Mespi' and 'Mesma'. 
The berries of 'Pima' are uniformly dark red in 
colour and larger than the berries of these 
other varieties. The fruit has a strong aroma 
and a sweet flavour. 'Pima' is less variable in 
yield from year to year, and it yields almost 
twice as much as 'Mespi' and 'Mesma'. 
On a berry field, it is necessary to plant 
another variety with 'Pima', e.g. in every third 
row, because fruit development is dependent 
on cross-pollination with another strain. 'Mes-
pi' is the better of the other two varieties for 
fruit production. 
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SELOSTUS 
Uusi mesimarjalajike 'Pima' 
ANNIKKI RYYNÄNEN ja PIRJO DALMAN 
Maatalouden tutkimuskeskus 
Mesimarjan (Rubus arcticus) viljely Suomessa pääsi alka-
maan 1970-luvun alussa, jolloin annettiin käytännön viljely-
ohjeet ja ensimmäiset luonnon kannoista valitut lajikkeet 
'Mespi' ja 'Mesma' tulivat myyntiin. Kannattavan viljelyn es-
teinä ovat kuitenkin olleet alhainen satotaso, rikkakasvien 
hankala torjunta ja sadonkorjuun hitaus. Sadonkorjuu vaa-
tii paljon työtä, koska kasvusto on matala, marjat ovat 
pieniä ja kypsyvät pitkän ajan kuluessa. Viljelyn heikon tu-
loksen vuoksi likööriteollisuus ja kuluttajat joutuvat hank-
kimaan mesimarjat vähenevistä luonnon kasvustoista. 
Mesimarjan viljelyominaisuuksia on yritetty parantaa ris-
teyttämällä se vadelman (Rubus idaeus) ja alaskanvadelman 
(R. stellatus) kanssa, mutta ainakaan vielä saaduilla lajik-
keilla ei voida korvata mesimarjaa. 
Tässä tutkimuksessa selvitetään Maatalouden tutkimus-
keskuksen Pohjois-Savon ja Etelä-Savon koeasemilla tehtyä 
mesimarjan jalostusta. Tavoitteena oli saada mesimarjan 
luonnon kantoja käyttämällä voimakasaromisia lajikkeita, 
joiden marjojen koko ja sato olisivat suurempia kuin 
'Mespin' ja 'Mesman'. 
1960-luvulla hankittiin Pohjois-Savon koeasemalle mesi-
marjakantoja eri puolilta Suomea ja v. 1964-1969 parhai-
den kesken tehtiin risteytyksiä. V. 1971 lupaavimmat kloo-
nit siirrettiin Etelä-Savon koeasemalle, missä järjestettiin 
kaksi vertailukoetta v. 1971-1977 ja 1977-1981. 
Vertailukokeissa sadot vaihtelivat vuosittain suuresti 
(taulukot 1 ja 2). Parhaat sadot saatiin toisena vuonna istu-
tuksen .jälkeen 1973 ja 1979. Alkukesän pääkukinnan ai- 
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kaiset sääolot vaikuttivat selvästi sadon suuruuteen. Par-
haina satovuosina alkukesä oli lämmin ja kostea. 
Keväthallat, pölyttäjien liikkumista haittaava kylmä ja 
sateinen sää tai pitkät hellekaudet häiritsivät marjojen 
muodostumista. Siksi pitäisi selvittää, voidaanko mesimar-
jalla käyttää sadetusta hallantorjunnassa ja auttaako 
kasvuston suihkuttaminen vedellä pitkinä hellekausina. 
Molemmissa kokeissa oli satoisin klooni risteytyksestä 
'Mespi' x 'Mesma'. Sen neljän vuoden 1978-1981 keskisa-
to 32,5 kg/100 m2 oli lähes kaksi kertaa niin suuri kuin 
vertailulajikkeella 'Mespi'. 'Mespin' satotaso on pudonnut 
huomattavasti 1960-luvulta ja on nykyisin sama kuin 'Mes-
man' satotaso. Syynä 'Mespin' taantumiseen voi olla virus-
saastunta, minkä vuoksi. 'Mespi', 'Mesma' ja 'Mespi' x 
'Mesma' on annettu testattaviksi kasvitautiosastolle ja ne  
tulevat myyntiin MTTK:n tervetaimiaseman kautta. 
Kloonin 'Mespi' x 'Mesma' marjat ovat voimakasaromi-
sia ja makeita kuten 'Mespin' marjat, huomattavasti 'Mes-
pin' ja 'Mesman' marjoja suurempia ja tasaisen tummanpu-
naisia. Sato kypsyy muutamaa päivää aikaisemmin kuin em. 
lajikkeilla. 
Tutkimusten perusteella on päätetty laskea v. 1982 ylei-
seen viljelyyn klooni risteytyksestä 'Mespi' x 'Mesma' laji-
kenimellä 'Pima'. Mesimarjaviljelmälle tulee 'Piman' lisäksi 
esim. joka 3. riviin istuttaa toista lajiketta, sillä marjojen 
muodostuminen edellyttää ristipölytystä vieraan kannan 
kanssa. Kahdesta aiemmasta lajikkeesta viljelmälle suositel-
laan istutettavaksi viljelyominaisuuksiltaan parempaa 
'Mespiä'. 
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FUSARIUMS OF THE POTATO IN FINLAND VI. 
VARIETAL TUBER RESISTANCE TO FUSARIUM SPECIES 
ESKO SEPPÄNEN 
SEPPÄNEN, E. 1983. Fusariums of the potato in Finland VI. Varietal tuber resis-
tance to Fusarium species. Ann. Agric. Fenn. 22: 8-17. (Agric. Res. Centre, Inst. Pl. 
Path., SF-31600 Jokioinen, Finland.) 
The tuber resistance of 24 cvs. to Fusarium avenaceum, F. solani v. coeruleum and 
F. sulphureum was tested. Some brief tests were carried out on five other species. The 
similarity of the results obtained was studied by means of correlation coefficients 
between both the results for each fungus and ali the Fusariums, and also between 
these results and those obtained with two Phoma species. 
The fungal resistance of the cvs. varied widely. Notable horizontal resistance was 
ascertained in cvs. Hankkijan Tuomas and Hankkijan Tanu, followed by Posmo, 
Sabina, Jaakko, Eigenheimer and Saturna. Provita and Stina proved to have high 
vertical resistance to F. avenaceum and Ostara to F. sulphureum. Bintje was one of 
the most susceptible cvs. to each fungus. An attempt was made to derive the results 
onto a scale for 1-9. The scores of the most susceptible cvs. to each fungus were 2, 
and those of the most resistant 6 or 7. 
There usually was a high correlation between the results of each fungus, which 
indicates the reliability of the method used. Weak or negative correlations between 
the fungi indicate great variation in the resistance mechanisms against each fungus. 
Index words: potato, dry rot, varietal resistance, Fusarium avenaceum, F. solani v. 
coeruleum, F. sulphureum, variation of resistance. 
In 1979-1982, a number of tests were per-
formed in our institute on the varietal resis-
tance to Fusarium dry rots of potatoes. The 
test method is based on the growth rate of the 
fungi in tubers. The fungal resistance of more 
than 20 cultivars to eight different Fusarium 
spp. was tested. Preliminary results have al-
ready been presented (SEPPÄNEN 1981 c). This 
paper includes ali the results of the 26 tests. 
MATERIAL AND METHODS 
In 1979, 17 cultivars (22 in '80 and 23 in '81) 
were grown in sand soil, harvested and stored 
using identical, common practices. Tubers of 
nearly the same size were used for the tests. 
They were washed and dried well to prevent 
natural infection by other fungi and bacteria. 
The fungi used in the tests were single iso-
lates of Fusarium avenaceum, F. solani var.  
coeruleum, F. sulphureum, F. sambucinum var. 
coeruleum, F. culmorum, F. graminearum, F. 
sporotrichioides and F. tricinctum, identified 
according to BOOTH (1971). Their isolation 
and identification, as well as their growth 
under different environmental conditions has 
been reported in earlier papers (SEPPÄNEN 
1981 a, b). 
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The maintenance of the pathogenicity of the 
fungi, the growth of the inocula and the test 
method (an adaption of the method of 
LANGTON 1971) were described in an earlier 
paper (SEPPÄNEN 1981 c). In most of the first 
tests the tubers were incubated under condi-
tions which were optimum for the growth of 
the fungi in Bintje tubers. In later tests we used 
some of the lower temperatures (6 or 12 °C) 
which often prevail during harvesting and 
sorting. We usually inoculated 3 x 20 tubers of 
each cv., and occasionally only 3 x 10 tubers. 
The preliminary tests with the uncommon 
Fusariums were carried out with 10 tubers and 
no replicates: in the later tests we used three 
replicates. The resistance was measured as the 
mean of radial and axial growth of the fungi, 
less growth meaning higher resistance. The 
results were analyzed using analysis of variance 
and the LSD values were calculated with 
Tukey-Hartley tables. 
The growth figures from separate tests for 
varietal resistance were mathematically derived 
onto a scale of 1 to 9. In each test the fungus 
growth figure on the most susceptible cultivar 
was given a score of 1 on the scale, 9 signifying 
perfect resistance (growth figure = 0). The 
other cvs. were scored in relation to these. 
Only the means of the scores are presented, 
and the cvs. were ranked according to them. 
Not ali of the cvs. were included in every test: 
they were ranked in order by comparing the 
scores of pairs which had undergone the same 
tests. Correlation coefficients were calculated 
between each of the 26 tests, and also for seven 
tests with Phoma exigua var. foveata and three 
tests with two isolates of P. e. v. exigua. The 
significances of the correlations were tested 
using the t-test. 
RESULTS AND DISCUSSION 
Larger series of tests were carried out on the 
resistance to the pathogens of greater economi-
cal importance: F. avenaceum, F. solani v. 
coeruleum and F. sulphureum. The five to eight 
tests carried out must be considered adequate, 
the variation caused by random variation and 
different environmental conditions and sys-
temic errors balancing out. There was very 
great variation in resistance to each fungus. 
Fusarium avenaceum 
Five tests were carried out: three at 24 °C, 
which is favourable to the fungus, one at 12 °C 
and one at 7 °C. Most of the cvs. reacted simi-
larily at .the same temperatures, so the correla-
tions between the results obtained at 24 °C 
were significant, and were those obtained at 7 
and 12 °C (Table 1). The correlations between 
the results obtained at the higher (24 °C) and 
the lower temperatures (7 and 12 °C) were 
weaker, because some cvs. did not react in the 
same way at different temperatures. The most 
striking exceptions were Record and Sirtema, 
the former having relatively higher resistance at 
the lower than the higher temperatures, being, 
in this respect, the opposite of the latter. The 
results, however, are so uniform that the scores 
have been calculated as a mean of ali the five 
tests. From a practical point of view the main 
attention should be paid to the results 
obtained at 7 and 12 °C. 
The most resistant cvs. were Provita, Stina, 
Hankkijan Tuomas and Hankkijan Tanu 
followed by Sabina, Jaakko, Posmo and Veto 
(Table 2). The four first mentioned received a 
score of 6 (moderately resistant) and the rest a 
score of 5. It is possible that these mathemat-
ically calculated scores are not high enough for 
the cvs. showing highest' resistance — a score 
of 7 might be more correct. Sirtema and Bintje 
were the most susceptible cvs., with a score 
of 2. 
The results are approximately similar to 
those presented earlier (SEPPÄNEN 1981 c). 
2 128300441W 
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However, they complement the earlier infor-
mation (especially the results obtained at the 
lower temperatures). In the literature from out-
side Finland there has been no further informa-
tion on varietal resistance to F. avenaceum 
since MOORE (1945) proved its existence. 
Fusarium solani var. coeruleum 
Four out of five tests were carried out by incu-
bating tubers at 18 °C, which is the approxi-
mate optimum temperature for the growth of 
this fungus in potato tubers, and one at the 
low temperature (6°C) which often prevails 
during harvesting and sorting. The results of 
tests varied greatly even though they were car-
ried out under similar conditions. The correla-
tions were positive, but most often weak 
(Table 1). The results obtained at 6 °C did not 
correlate with those obtained at 18 °C. Accord-
ing to my experience the maun reason for this is 
the variation in resistance within cultivars, 
especially those of medium resistance and 
medium susceptibility. In many tests the pro-
portion of tubers whose infection was progres-
sive varied greatly in relation to those with 
non-progressive infection. Here again, in a 
comparison of the results of the lower and the 
higher temperature tests, Sirtema and Record 
deviated in the same way from the other cvs. as 
they did•in the tests' with F. avenaceum. 
The most resistant tubers was again Hankki-
jan Tuomas, followed by Posmo and Hankki-
jan Tanu, their scores being 7, 6 and 6, respect-
ively (Table 3). Bintje, Record and Maris Piper 
Table 1. Correlation coefficients of test results of each fungus, cf. Tables 2-5. 
Fusarium avenaceum 
Jan. '80 Nov. '80 Nov. '80 Jan. '82 
(24 °C) (24 °C) (7 °C) (24 °C) 
Nov. '80 	0,78°'" 
Nov. '81 0,61" 0,27 
Jan. '82 	0,73' 0,57** 0,32 
Apr. '82 (12 C°) 	0,62* 0,47° 0,80""" 0,61" 
F. solani v. coeruleum 
Dec. '79 M. '80 Feb. '81 Nov. '81 
(18 °C) (18 °C) (18 °C) (6 °C) 
M. '80 	 0,47° 
Feb. '81 0,33 0,38 
Nov. '81 	0,02 0,13 0,32 
Jan. '82 (18 °C) 	0,74"" 0,55* 0,58** 0,42° 
F. sulpbureum 
Dec. '79 M. '80 Nov. '80 Dec. '80 Dec. '80 Nov. '81 Jan. '82 
(12 °C) (12 °C) (12 °C) (7 °C) (24 °C) (7 °C) (12 °C) 
M. '80 	 0,36 
Nov. '80 0,91""" 0,44 
Dec. '80 	0,71"" 0,50° 0,84"*" 
Dec. '80 0,54" 0,46° 0,43° 0,56** 
Nov. '81 	0,61" 0,61* 0,58"" 0,45*_ 0,31 
Jan. '82 0,89*** 0,36 0,88*** 0,74"*" 0,41° 0,65°' 
Feb. '82 (24 °C) 	-0,21 0,11 0,20 -0,11 0,28 0,12 -0,19 
F. sambucinum v. coeruleum 0,84'°° 	F. culmorum 0,63"" 
p 99,9 % = 
99,0 = 
95,0 = " 
90,0 =0 
F. sporotrichioides 0,83""" 
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showed the weakest resistance. The ranking is 
nearly same as in the preliminary results (SEP-
PÄNEN 1981 c). 
In the literature there are a number of 
studies dealing with the varietal resistance to F. 
solani v. coeruleum (LANSADE 1949, BOYD 
1952, KRANZ 1959, LANGERFELD 1971, 1977, 
1979, WOJCIECHOWSKA-KOT 1975, BÅNG 
1976, WELLVING 1976, CZAJKA 1977, PETT et 
al. 1977), but only three of these were compar-
able with the present study. LANSADE con-
cluded that Eigenheimer, Olympia and Sieg-
linde were nearly as susceptible as Bintje but in 
our tests the first two were medium, Sieglinde 
a little less resistant and Bintje highly suscep-
tible. WOJCIECHOWSKA-KOT's tests included 
cvs. Saturna, Bintje, Sieglinde and Sirtema 
which were common to our tests. According to 
her tests, Saturna was resistant and the others 
susceptible; in our tests Saturna and Sirtema 
were medium, Sieglinde slightly more suscep-
tible and Bintje highly susceptible. BÅNG's  
tests included 7 cvs. Provita, Bintje, Saturna, 
Stina, Record, Sabina and Prevalent, which 
were common to our tests and they were 
scored with 1, 2, 4, 5, 5, 6 and 7, respectively, 
according to his preliminary test. In our tests 
the scores were 3, 2, 5, 4, 2, 5 and 5, respect-
ively, the scores of Record being strikingly 
different. 
The differences in the results may be ex-
plained partly by differences in the test 
methods, but, on the other hand, the test 
results with this fungus varied far more than 
those with the other fungi (Table 3). 
Fusarium sulphureum 
Eight tests were carried out: two at 7 °C, four 
at 12 °C and two at 24 °C. In some tests the 
tubers were incubated at low relative humidity 
(50 to 60 %), but this is of no importance 
because the fungus grows well at both high and 
low RH (Table 4). The cultivars reacted in 
almost the same way at 7 and 12 °C, apart 
Table 2. Varietal tuber resistance to Fusarium avenaceum. Growth of the fungus (mm) after 20 days' incubation under 
different conditions, and scores derived from the growth figures onto a scale of 1 to 9. 
Cultivar 	Time of test Jan. '80 
°C/RH 24±1/95±5 








1 Provita 1,7 a 5,1 a 	2,8 abc 8,8 ab 3,0 a 6 
1 Stina 1,9 a 7,7 	c 2,9 abc 7,0 a 3,9 	b 6 
3 Hankkijan Tuomas 3,8 	b 7,7 	c 	2,6 a 8,6 ab 2,9 a 6 
4 Hankkijan Tanu 2,7 ab 7,7 a 3,0 a 6 
5 Sabina 3,3 ab 4,0 a 	3,6 	cde 11,2 	bcd 4,9 	cd 5 
6 Jaakko 4,3 	b 8,8 	cd 	3,0 abcd 12,0 	cd 4,5 	bc 5 
7 Posmo 9,4 	d 2,9 abc 10,4 	bc 5,2 	cd 5 
8 Veto 4,6 	b 6,0 	b 3,9 	def 10,9 	bcd 6,0 ef 5 
9 Record 7,7 	cd 13,1 ij 	2,7 ab 11,2 	bcd 4,0 	b 4 
10 Eigenheimer 10,7 	efg 	3,1 abcd 11,7 	cd 4,6 	bc 4 
11 Maris Piper 7,4 	c 	4,5 	fg 11,9 	cd 5,7 	de 4 
12 Barima 13,1 ij 	4,0 	ef 10,5 	bc 4,2 	b 4 
13 Saturna 7,8 	cd 10,2 	def 	4,1 	ef 12,0 	cd 5,0 	cd 4 
14 Sieglinde 8,2 	cd 10,0 	def 	3,3 abcde 12,6 	cd 6,4 	efg 4 
15 Prevalent 9,6 	de 4,4 	fg 11,2 	bcd 4 
16 Sanna 7,7 	cd 13,0 4,1 	ef 10,7 	bcd 5,1 	cd 4 
17 Frila 4,4 	fg (4) 
18 Pito 6,5 	c 13,9 	j 	3,5 	bcde 13,6 	de 6,3 	efg 3 
19 Hankkijan Timo 6,5 	c 12,1 ghi 	3,4 abcde 14,9 7,3 3 
20 Olympia 9,3 	d 12,3 	hi 	3,8 	def 13,5 	de 6,8 	gh 3 
21 Ostara 14,5 j 	3,9 	def 15,0 5,9 	ef 3 
22 Sirtema 8,3 	cd 11,4 	fgh 	6,1 10,7 	bcd 9,4 2 
23 Bintje 13,0 13,4 ij 	5,0 15,0 6,7 	gh 2 
24 Jo 0701 11,4 	e 16,3 	k - (2) 
39,02'»»" 66,39" 	26,65"" 12,74"" 483,84°'° 
LSD 5 % 1,2 1,5 	 0,8 0,2 0,9 
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from in the March '80 test, in which the tubers 
were inoculated into 10 mm instead of the 
usual 2 mm. The results obtained at 24 °C 
deviated from those from the lower tempera-
tures so they were exclucled when the resistance 
scores were calculated. The results of the tests 
at 24 °C are of minor importance from the 
practical point of view. The most resistant cv. 
was Ostara, followed by Sabina and Jaakko, 
with scores of 6, 5 and 5, respectively. Here 
again, cv. Ostara might deserve a score of 7 
instead of the mathematical score of 6. Bintje, 
together with Barima, Veto and Sanna, again 
belonged to the most susceptible cvs. If we 
compare the results obtained at the low and 
high temperatures we can ascertain that some 
cvs., such as Sabina and Hankkijan Tanu, have 
relatively weaker resistance at the higher tem-
perature. Correspondingly, some cvs., such as 
Stina, showed relatively higher resistance at the 
higher temperatures. 
The first attempt to screen the varietal resis-
tance to F. sulphureum. was by LANGERFELD  
(1971). He used a spore inoculation method, 
incubated the tubers at 12 °C and measured 
resistance as percentage infection. The level of 
infection was high (84 to 100 %) and differ-
ences between cultivars slight. There was only 
one cv. (Sieglinde) common to his and our tests 
and results were highly susceptible and moder-
ately susceptible, respectively. In his later tests 
(1977) Sieglinde showed quite fair resistance. 
VOJCIECHOWSKA-KOT (1975) also used a 
spore inoculation method, incubating the 
tubers at 15-17 °C and 70-90 % RH. Four 
of the cvs. (Saturna, Bintje, Sieglinde and 
Sirtema) were common to her and our tests. 
She considered Saturna resistant and the others 
susceptible, whereas in our tests Sieglinde 
proved to have a resistance fairly similar to that 
of Saturna (not better than 4), Sirtema and 
Bintje being more susceptible. 
HORA KOVA (1981) tested altogether 535 
cvs. with a spore inoculation method. Only 
seven cvs. were common to our tests, and they 
were ranked in the same order: Ostara 7, 
Table 3. Varietal tuber resistance to Fusarium solani var. coeruleum. Growth of the fungus (mm) after 20 days' incubation 
under different conditions, and scores derived from the growth figures onto a scale of 1 to 9. 
Cultivar 	Time of test Dec. '79 
Incubated in 
°C/RH % 18±1/95±5 
1 Hankkijan Tuomas 	1,6 a 
2 Posmo 	- 
3 Hankkijan Tanu 	- 













5 Olympia 2,0 a 6,3 	b 7,1 	cd 
6 Prevalent 	- - 7,1 	cd 
7 Frila - - 
8 Saturna 	 6,6 	c 4,3 a 6,3 	c 
9 Sirtema 5,1 	c 6,5 	b 3,7a 
10 Sabina 	 3,4 	b 8,8 	c 4,9 	b 
11 Veto 3,2 	b 7,0 	b 7,5 	de 
12 Barima 	- - 8,4 	ef 
13 Pito 3,3 	b 10,0 	c 8,2 	ef 
14 Sanna 	 9,5 	d 8,6 	c 5,2 	b 
15 Jaakko 5,7 	c 9,2 	c 9,6 gh 
16 Hankkijan Timo 	3,4 b 8,6 	c 12,9 j 
17 Stina 	 6,0 	c 12,8 d 6,4 	c 
18 Ostara - - 10,5 h 
19 Sieglinde 	5,9 	c 7,1 	b 11,5 i 
20 Provita 8,9 	d 8,9 	c 11,4 i 
21 Record 	12,3 e 10,2 	c 10,4 h 
22 Bintje 9',8 	d 11,8 d 9,6 gh 
23 Jo 0701 	13,4 e - 8,9 gh 






LSD 5 % 	1,2 1,5 0,8 
Nov. '81 	 Jan. '82 	 Scores 
of 
resist- 
6±1/95±5 	18±1/95±5 	 ance 
1,7a 3,1 a 7 
1,7a 	5,1 cd 	6 
2,2 bcd 	3,9 ab (6) 
2,0 b 5,7 	de 	5 
2,2 bcd 	4,3 bc 5 
1,8 a 5,9 	de 	5 
2,1 bc 	5,7 	de (5) 
2,5 	de' 	6,0 	de 	5 
3,2 	g 	6,0 	de 5 
2,6 de 7,2 f g 	5 
2,4 cde 	7,7 	gh 5 
2,1 bc 6,7 	efg 	4 
2,4 cde 	6,1 def 4 
2,0 b 6,5 	defg 	4 
2,0 b 	7,3 	fg 4 
2,6 e 	5,1 cd 	4 
2,4 cde 5,9 de 4 
2,5 de 6,4 defg 	4 
2,4 cde 	8,5 	h 4 
2,2 bcd 7,5 	gh 	3 
2,3 bcde 	10,4 i 2 
2,6 	e 	11,8 	j 	2 
- - (2) 
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Provita 5, Saturna 5, Barima 3, Prevalent 3, 
Sieglinde 3 and Bintje 2. Our scores of the re-
sistance of these cvs. to F. sulphureum were 
very similar (6, 3, 4, 2, 3, 4 and 2, respectively). 
The results obtained are fairly similar with our 
earlier results (SEPPÄNEN 1981 c). These larger 
tests clearly confirm the result of the great 
importance of the test temperature (SEPPÄNEN 
1982 a). 
The five uncommon species 
Relatively little attention has been paid to the 
screening of varietal resistance to these fungi. 
Besides the preliminary tests, only three tests 
were carried out to confirm the results ob-
tained. It was, however, considered interesting 
to find out whether some cvs. are very suscept-
ible to any of them, which might lead to a 
,problem within one cv. We also tested whether 
the resistance of the cvs. to these fungi is paral- 
lel with that of the other. Fusarium or Phoma 
species. 
The resistance varied to a great extent, the 
only exception being F. tricinctum which was 
quite a weak pathogen. There were significient 
correlations between the results of preliminary 
and later tests (Table 1). Thus the results do 
not add much (Table 5) to the earlier informa-
tion (SEPPÄNEN 1981 c). In the table the culti-
vars are ranked in order according to their hori-
zontal resistance to ali these five fungi. Only 
the cvs. Saturna, Jaakko, Sieglinde and Posmo 
are resistant, Hankkijan Tuomas and Sabina 
being quite susceptible, and only Olympia, 
Veto and Bintje showing weaker resistance. 
Most of the cvs. were fairly resistant to F. 
sambucinum v. coeruleum, F. culmorum and F. 
sporotrichioides, the means of scores being 
about 4. Only Provita, Stina and Jaakko 
showed some noteworthy resistance to F. 
graminearum. The results do not indicate any 
necessity for a more detailed scrutiny. 
Table 5. Varietal tuber resistance to Fusarium sambucinum var. coeruleum, F. culmorum, F. sporotrichioides F. graminea-
rum and F. tricinctum. Growth of the fungi (mm) after 20 days' incubation under conditions favourable to each fungus. 
Scores derived from the growth figures onto a scale of 1 to 9. 
F. sambucinurn v. coeruleum 
Feb. '81" 	May '81 Scores 
F. culmorurn 
Feb. '81" 	May '81 Scores 
F. sporotrichioides 




Nov. '80' °C/% RH 12/40 12/50 12/40 12/95 12/95 10/95 24/95 
Provita 4,1 6,6 5 3,1 11,4 5 10,4 9,4 4 7,1 	(6) 2,1 	(3) 
Saturna 3,0 4,1 7 4,9 9,9 5 6,2 6,7 6 14,6 	(2) .2,3 	(2) 
Stina 4,4 4,8 6 3,9 11,4 5 10,5 11,6 3 8,4 	(5) 2,1 	(3) 
Ostara 4,0 4,0 6 3,4 9,0 5 4,2 4,2 7 12,2 	(3) 2,5 	(1) 
Jaakko 4,2 4,9 6 7,8 13,5 3 9,9 9,8 4 7,0 	(6) 2,3 	(2) 
Sieglinde 3,3 3,9 7 7,4 13,3 3 7,8 5,5 5 12,7 	(3) 2,1 	(3) 
Record 3,8 5,4 6 2,6 11,3 5 4,9 5,4 6 15,0 	(2) 2,6 (1) 
Posmo 3,9 4,6 6 3,5 11,6 5 7,9 6,7 5 15,2 	(2) 2,3 	(2) 
Pito 3,9 4,7 6 6,2 10,7 4 8,0 6,0 5 12,4 	(3) 2,5 	(1) 
Maris Piper 5,9 5,2 5 3,7 11,2 5 9,5 8,0 4 10,7 	(4) 2,5 	(1) 
Eigenheimer 3,6 5,5 6 6,4 13,7 3 5,7 6,2 6 15,3 	(2) 2,5 	(1) 
Barima 4,2 4,7 6 2,8 9,8 5 11,4 9,8 3 14,4 	(2) 2,2 	(2) 
Hankkijan Timo 3,7 4,5 6 7,1 13,5 3 6,3 4,9 6 15,8 	(1) 2,3 	(2) 
Prevalent 4,8 5,0 6 3,6 12,8 4 10,0 10,9 3 11,4 	(3) 2,6 	(1) 
Sirtema 4,3 4,9 6 9,6 14,6 2 12,5 7,5 4 13,8 	(2) 2,2 	(2) 
Sanna 3,5 5,0 6 5,9 11,3 4 11,0 9,9 3 16,4 	(1) 2,3 	(2) 
Jo 0701 
Hankkijan 
6,2 8,1 4 8,7 10,7 3 8,6 7,5 5 14,0 	(2) 2,4 	(2) 
Tuomas 7,2 6,4 5 9,5 13,2 2 10,6 7,4 13,5 	(2) 2,3 	(2) 
Sabina 5,9 8,0 4 7;2 .  13,5 3 6,3 7,5 5 16,4 	(1) 2,3 	(2) 
Olympia 8,2 6,7 4 6,8 10,2 4 15,1 12,3 2 13,0 	(3) 2,5 	(1) 
Veto 12,5 9,6 2 11,4 12,2 2 14,1 14,3 1 11,5 	(3) 2,3 	(2) 
Bintje 17,8 9,0 1 8,6 14,5 2 12,5 11,5 3 16,3 	(1) 2,5 	(1) 


















Horizontal and vertical resistance 
The results presented clearly showed that there 
are great differences in the resistance 'of the 
cultivars. Some indicated nearly equal resis-
tance to ali of the fungi used, while some re-
acted in different ways. The determination of 
horizontal or vertical resistance is difficult be-
cause many fungi react differently at different 
temperatures. On the other hand, the scores 
presented were mathematically derived from 
the original figures and are thus hardly likely to 
be on the same level. This means that a score of 
6 with two or more fungi does not necessarily 
indicate equal resistance to each fungus, but 
must be considered as an approximate value. It 
is better to limit the main scruting to the four 
most important pathogens: Fusarium avena-
ceum, F. solani v. coeruleum, F. sulphureum and 
Phoma exigua v. foveata. The results with 
Phoma have already been presented (SEPPÄNEN 
1982 b). No cultivar had a high horizontal resis-
tance, but some cvs. demonstrated moderate 
resistance to ali these main pathogens. Hankki-
jan Tuomas showed the highest resistance, 
followed by Hankkijan Tanu, Posmo, Jaakko 
and Eigenheimer, and Saturna and Sieglinde 
had a little weaker horizontal resistance. Bintje 
and Jo 0701 showed high horizontal suscept-
ibility, followed by Record and Pito. The other 
cvs. reacted more or less strongly to different 
pathogens. Provita, Stina and Ostara were the 
most typical cvs. with high vertical ,resistance, 
Provita and Stina to F. aven:aceum and Ostara 
to F. sulphureum. The vertical resistance of 
Olympia, Prevalent and Sirtema to F. solani v. 
coeruleum is also worth mentioning. 
There is no evidence of any correlation be-
tween resistance and earliness of the cvs. Most 
of the cvs. tested are second early to early main 
crop and ali the most resistant cvs. belong to these 
groups, too. The parallel resistance to separate 
fungi was also studied by calculating the correla-
tion coefficients between the results of ali the 
fungi. The correlation coefficients were quite 
variable, mostly indicating no correlation (Fig. 
1). Some positive correlations were found. Sur-
prisingly, correlations between the results of dif-
ferent fungi, carried out at approximately the 
same temperature, were higher than those. of the 
F. solani 	F. tri- 	F. avena- F. grami- P. exigua P. exigua F. sulphur- F. sporo- F. sambucinum 
v. coeruleum cinctum ceum 	nearum 	v. foveata v. exigua eum 	trichioides v. coeruleum 
Fig. 1. Correlations between the test results of Fusarium and Phoma species obtained at different incubation temperatures. 
Solid Iines indicate correlation, dotted Iines possible correlation. Note that only the direct connections mean correlations. 
The results of F. culmorum (20 °C) and the 'brown isolate' of P. exigua v. exigua (12 °C) did not correlate with those of 
the other fungi. See text. 
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same fungus carried out at a low and a high 
temperature. It is possible 'that resistance 
factors at low temperatures are partly the same 
in different fungi, and at high temperature resis-
tance perhaps depends on different factors. 
There were only a few correlations between 
different fungi, even at the same temperature. 
There seems to be a correlation between F. 
avenaceum and F. solani v. coeruleum, when the 
tests were carried out at the lower tempera-
tures, but not at higher temperatures (24 and 
18 °C). The resistance factors governing these 
fungi may be similar, to those governing Phoma 
exigua v. foveata because there was a correla-
tion between them. None of the results of 
these three fungi correlated with those of F.  
sulphureum, which seems to form another 
group with F. sporotrichioides and F. sambuci-
num v. coeruleum. The results of a single test 
with Phoma exigua v. exigua (grey isolate) 
seems to be a link between the groups. A third 
group consists of the results of F. avenaceum, 
F. graminearum and F. tricinctum obtained at 
24 °C. The results of F. solani v. coeruleum and 
F. sulphureum obtained at the higher tempera-
tures as well as those of F. culmorum and 
Phoma exigua v. exigua (brown isolate) were 
not parallel with other results. On the basis of 
these tests we only can suppose that there is 
more than one resistance factor. It is possible 
that both the infection and resistance mecha-
nism vary according to temperature. 
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SELOSTUS 
Perunalajikkeiden varastotautien kestävyys 
ESKO SEPPÄNEN 
Maatalouden tutkimuskeskus 
Vuosina 1979-82 selvitettiin perunalajikkeidemme kestä-
vyyttä varastotauteja aiheuttavia Fusarium-lajeja vastaan. 
Testattavat perunaerät viljeltiin ja varastoitiin yhdenmu-
kaisesti yleistä käytäntöä noudattaen. Mukulat vioitettiin ja 
tartutettiin keinotekoisesti. Tartutetut mukulat säilytettiin 
useimmissa kokeissa sienelle suotuisissa oloissa, mutta 
myöhemmin kokeissa käytettiin muitakin lämpötiloja, saa-
daksemme lajikkeen kestävyydestä paremman kuvan. Kes-
tävyys mitattiin sienen etenemisnopeutena mukuloissa; mi-
tä hitaampi eteneminen sitä kestävämpi lajike. Tulokset on 
muunnettu kestävyysasteikkoon 1-9 (9 = kestävä), mutta 
vain tulosten keskiarvot on esitetty. Lajikekestävyyden 
ohella tarkasteltiin sen yhdenmukaisuutta eri sieniä vastaan 
Phoma-lajit mukaan lukien. 
Useimmissa kokeissa (18:ssa kaikkiaan 26:sta) selvitettiin 
lajikkeiden kestävyyttä kolmea merkittävintä lajia vastaan. 
Kestävyys eri lajeja vastaan vaihteli suuresti. Parhaimpien 
kestävyyttä voidaan pitää tyydyttävänä. Fusarium avena-
ceumia vastaan olivat kestävimmät Provita, Stina, Hankki-
jan Tuomas ja Hankkijan Tanu, jotka saavat arvosanan 6, 
seuraavina olivat Sabina, Jaakko, Posmo ja Veto (taulukko 
2). Bintje ja Sirtema olivat heikoimmat arvosanalla 2. 
Fusarium solani var. coeruleum. Kestävimmäksi osoittau-
tui Hankkijan Tuomas arvosanalla 7, seuraavina olivat 
Posmo ja Hankkijan Tanu. Bintje, Record ja Maris Piper 
olivat altteimmat. 
Fusarium sulphureum. Kestävin oli Ostara (6) ja seuraa-
vina Jaakko ja Sabina (5 kumpikin). Jokaiselle näistä nume-
roa korkeampi arvosana olisi oikeampi, kuin tämä tietoko-
neen antama matemaattisesti laskettu tulos. Altteimmat 
olivat Bintjen ohella Barima, Veto ja Sanna. 
Kestävyys vähemmän merkityksellisiä sieniä kohtaan 
vaihteli niinikään suuresti. Merkittävintä oli, että parhaan 
yleiskestävyyden omaava Hankkijan Tuomas oli altis Fusa-
rium culmorumia vastaan, ja että Provita, Stina ja Ostara, 
jotka edellä olivat osoittautuneet kestäviksi vain yhtä sientä 
vastaan, osoittivat kohtalaista yleiskestävyyttä. 
Verrattaessa eri lämpötiloissa saatuja tuloksia voitiin to-
deta, että ne antoivat useinkin hyvin erilaisen kuvan. Tämä 
johtuu siitä, että eri lajikkeet reagoivat sieniin eri lämpöti-
loissa eri tavoin. Näin ollen kestävyysarvostelussa on tärkeä-
tä ottaa huomioon, millaisissa olosuhteissa tulokset on saa-
tu, ja sen mukaan soveltaa niitä käytäntöön. 
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THE HYDRIDE METHOD FOR MEASURING THE SELENIUM 
CONTENT OF PLANTS 
TOIVO YLÄRANTA 
YLÄRANTA, T. 1983. The hydride method for measuring the selenium content of 
plants. Ann. Agric. Fenn. 22: 18-28. (Agric. Res. Centre, Inst. Soil Sci., SF-31600 
Jokioinen, Finland.) 
The analytical parameters of the hydride method vary with the equipment used. With 
the equipment studied here, optimal flame conditions were obtained with an oxygen 
flow rate of 50 ml/rnin and a flow rate of 1700 ml/min for the hydrogen used as 
combustible carrier gas. In practical analysis work, changes in the gas flow rates have 
a slight effect on the results obtained. 
Doubliryg the integrating time from 10 to 20 s caused a 9,2 % increase in the area 
of the absorption peak when measuring 10 ng Se in a 6 ml sample volume. The 
coefficient of variation for 14 consecutive determinations was less than 2 % for both 
integrating times. The detection limit for the hydride method was found to be 0,2 ng 
Se. 
There was little change in the measurement sensitivity when the concentration of 
hydrochloric acid in the reaction vessel was varied from 2,4 M to 8,4 M. 
The wiciening of the absorption peak caused by increasing the volume of solution 
in the reaction vessel from 3 ml to 9 ml indicates that Se is liberated slowly in a large 
volume of solution. This has to be taken into account when selecting the integrating 
time. 
Se(VI) is reduced quantitatively to Se(IV) for four hours at room temperature in 8 
M HC1, or in 6 M HCI if the solution is boiled. In plant sample solution the 
optimum acid concentration is lower. For example the amount of selenium found in 
the analysis of a 6,2 M HC1 solution obtained from NBS Standard Reference Material 
1571, orchard leaves, four hours after preparation of the solutions was only 30 % of 
the highest selenium contents in 3,6 M HC1. 
The highest selenium contents obtained were 70 pg/kg of dry matter, which 
corresponds well with the content specified for the reference material of 80±10 pg/kg 
when account is taken of the fact that a good 10 % of the selenium is lost during dry 
ashing with Mg(NO3)2. 
Interference from the Cu(II) ion only becomes significant when the copper content 
of the measurement solution exceeds 30 pg/ml. 
Index words: selenium determination, Mg(NO3)2 dry ashing, hydride method, Se(VI) 
reduction, Cu(II) ion interference, NBS Standard Reference Material 1571. 
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INTRODUCTION 
The hydride method for the determination of 
selenium developed by SIEMER and HAGE-
MANN (1975) has been widely adopted in 
Finland in the last few years. The hydride 
method is a simple, sensitive and rapid means 
of determination using atomic absorption 
spectrophotometry. It can be used even when 
the plant sample contains very small amounts 
of selenium (Se < 20 pg/kg of dry matter). 
The hydride method of SIEMER and HAGE-
MANN (1975) involves the reduction of Se(IV) 
with sodium borohydride, NaBH4 , in a solu-
tion containing hydrochloric acid, to hydrogen 
selenide or selenium hydride, H2Se, which is 
then led in a stream of hydrogen to an oxygen-
hydrogen flame for determination by atomic 
absorption spectrophotometry. Since hydrogen 
is formed during the reaction, it is also used as 
the carrier gas and as the combustible gas: 
NaBH4 3H20 HC1 F131303 NaC1 4H2 
In most other hydride methods the hydrides 
generated are swept by an argon or nitrogen 
carrier gas into an argon-hydrogen or nitrogen-
hydrogen entrained air flame (eg. FERNANDEZ 
1973, POLLOCK and WEST 1973, SMITH 1975, 
BRODIE 1977, EGAAS and jULSHAMN 1978, 
REAMER et al. 1981). The hydrogen gas gener-
ated in the reaction vessel has a greater effect 
on the composition of the gas mixture when 
argon or nitrogen is used as the carrier than 
when hydrogen is used as both carrier and com-
bustible gas. 
In the equipment used by SIEMER and 
HAGEMANN (1975) the hydrogen selenide 
liberated in the reaction is taken off for immedi-
ate determination in a quartz cuvette, in which 
the hydrides are atomised with a high degree of  
efficiency by an explosive gas flame. An 
extremely high measurement sensitivity is ob-
tained by freezing out the selenium hydrides 
with liquid nitrogen prior to introduction into 
the burner (SIEMER and KOTEEL 1977). 
The selenium content can be calculated from 
either the height or the area of the peak. The 
use of peak area gives greater reproducibility 
than peak height measurement and is the more 
suitable of the two approaches for selenium 
determinations, since any factors affecting the 
shape of the peak affect its height more than its 
area. 
Dry ashing at 500 °C for 6 hours is an 
excellent way of decomposing plant matter for 
the hydride method. When Mg(NO3 )2 is used 
as the ashing aid, the selenium losses amount to 
10-15 % (YLÄRANTA 1982). 
The hydride method has been criticized for 
the inaccuracy of the results obtained and even 
for the systematic error arising, and has not 
been officially accepted as a method for analys-
ing selenium contents (IHNAT and MILLER 
1977, IHNAT and THOMPSON 1980). 
In a comparison of hydride methods, IHNAT 
and THOMPSON (1980) took 16 different types 
of hydride generation equipment, seven of the 
generators being available commercially. The 
equipment differed greatly with respect to con-
struction and mode of operation. None of the 
apparatus was the same as the modification of 
that proposed by SIEMER and HAGEMANN 
(1975), which is widely used in Finland. 
The comparisons published by KUMPULAI-
NEN and KOIVISTOINEN (1981) and by VARO 
and KOIVISTOINEN (1981) showed the hydride 
method to be comparable with fluorometry and 
flameless atomic absorption spectrophotometry 
for the determination of selenium in biological 
samples. However, as these comparisons did 
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not take into account differences in the prep-
aration of the samples or their effect on the 
result, the comparison was actually between the 
Jaboratories carrying out the selenium determi-
nations and not between the methods. 
The purpose of this study was to investigate  
the sources of error arising when dry ashing 
with Mg(NO3 )2 was used to decompose plant 
matter prior to preparation of solutions for 
measurement. The effect of the various measur-
ing conditions used in the hydride method on 
the final result was also studied. 
MATERIAL AND METHODS 
Apparatus 
The selenium analyses were performed with a 
Perkin-Elmer 5000 atomic absorption spectro-
photometer equipped with a Westinghouse 
selenium electrodeless discharge lamp (EDL), a 
Westinghouse power supply, a deuterium back-
ground corrector and a W W 1100 recorder. 
The following instrument settings were used: 
Wavelength 	196,0 nm 
Slit 	 low 0,7 nm 
EDL power 	6,0 W 
Mode 	 peak area 
Integrating time 	10 s and 20 s 
The hydride apparatus consisted of Brooks/ 
Sho-rate purgemeters (Emerson Electric Co., 
Veenendaal, Netherlands) calibrated in the 
factory to an accuracy of 2 %. The tube used 
for the oxygen (02 99,8 % v/v) was R-2-15-
AAA and that used for hydrogen (H2 99,98 % 
v/v) R-2-15-D (floats: 316 SS ball). The 
hydrogen flow rate was kept constant through-
out the entire investigation at 1700 ml/min and 
the oxygen flow rate at 50 ml/min, except when 
studying the effect of varying oxygen and 
hydrogen flow rates. 
The hydride generator and quartz atom-
ization tube (Fig. 1) were supplied by Lasinpu-
haltamo Siljander Oy, a Helsinki firm of glass-
blowers. In this apparatus the hydrogen, which  
is used as both carrier gas and combustible gas, 
is led through a sintered glass tube into the 
bottom of a 120 ml reaction vessel, hence pro-
viding sufficient agitation to mix the sample. 
The HC1 solution, NaBH4 solution and the 
Fig. 1. Hydride generator and atomizer. 
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rinsing water were introduced into the vessel 
through PVC tubing passing through the 
teflon stopper in the vessel. The spent solution 
and rinsing water were removed via the stop-
cock in the bottom of the vessel. The sample 
solution and the standard solution were intro-
duced through a separate opening close to the 
bottom of the vessel in order to keep inaccura-
cy due to pipetting to a minimum. 
In this investigation the hydrochloric acid 
and sodium borohydride solutions were intro-
duced into the reaction vessel using Fortuna 
Optifix dispensers of 10 ml and 2 ml, respec-
tively. The sample solution was measured using 
adjustable volume Finnpipettes. 
Reagents 
The standard selenium solutions were prepared 
by dissolving analytical grade sodium selenite 
crystals Na2Se03 • 5H20 (Merck, product 
number 6607) or Fixenal SeO2 ampoule 
solution (38633) in 4 M hydrochloric acid 
(Merck 317). 
In our laboratory we have used sodium boro-
hydride manufactured by Merck (806373 and 
6371), Fluka (71320) and BDH (30114). The 
carefully packed BDH sodium borohydride was 
found to be pure in terms of selenium and to 
he of consistent quality, and this make was 
used in this study in the form of a 2 % (w/v) 
aqueous solution, 1 ml per analysis. The 
NaBH4 was made up in 0,02 M KOH in order 
to reduce its rate of decomposition. The 
sodium borohydride solution was filtered 
through a 0,45 ,um membrane filter. This filtra-
tion stabilises the sodium borohydride solution 
and improves its keepability (KNECHTEL and 
FRASER 1978). The sodium borohydride solu-
tions were made up daily. 
Magnesium nitrate solution containing 650 g 
of Mg(NO3 )2 • 6H20 (Merck 5853) in one litre 
of water was used for dry ashing the plant 
matter. 
Ali the solutions used in this study were 
made up in deionised water purified using the 
Millipore Milli-Q System to a resistivity of at 
least 10 MCI • cm. 
I Effects of experimental conditions on selenium absorbance 
Oxygen and hydrogen flow rates 
SIEMER and HAGEMANN (1975) found that 
changes in the oxygen and hydrogen flow rates 
had a pronounced effect on the size of the sele-
nium absorbance. With the apparatus used in 
this study it was not possible to vary the gas 
flow rates over such a wide area, as the intense 
flame would have quickly burned a hole in the 
quartz cuvette. The hydrogen flow rate was set 
at 1700 ml/min and kept constant in order to 
study the effect of varying the oxygen flow rate 
from 16 to 113 ml/min on the size of the ab- 
sorbance signal. For each measurement, 1 ml of 
4 M HC1 containing 10 ng/ml of Se in the form 
of selenite, 4 ml of 6 M HC1 and 1 ml of 2 % 
NaBH4 were pipetted into the reaction vessel. 
The oxygen flow rate was increased in in-
crements of 7-13 ml/min and seven selenium 
determinations were carried out at each flow 
rate reading. 
The effect on the measurement sensitivity of 
varying the hydrogen flow rate from 1340 to 
2280 ml/min was studied in the same way. A 
constant oxygen flow rate of 50 ml/min was 
chosen as optimum. 
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HC1 concentration 
The effect of hydrochloric acid concentrations 
of 0,4, 2,4, 4,4, 6,4 and 8,4 M on the absorbance 
reading was studied for the measurement of 10 
ng Se as selenite. The total solution volume 
was 6 ml. The desired acid concentration was 
obtained by adding the required amounts of 
H20 and 10 M HC1. Seven determinations 
were performed at each concentration. 
Solution volume 
For measuring a sample volume of 1 ml with a 
constant acid concentration of 4,7 M, the reac-
tion vessel's smallest solution volume is 3 ml. 
In addition to this, Se(IV) determinations were 
carried out in 6 and 9 ml volumes. Nine deter-
minations were carried out for each solution 
volume. The solutions were made up as 
follows: 
I Solution volume 3 ml 
1 ml 2 % NaBH4 
1 ml Se 10 ng/ml in 4 M HC1 
1 ml 10 M HC1 
II Solution volume 6 ml  
1 ml 2 % NaBH4 
1 ml Se 10 ng/ml in 4 M HC1 
4 ml 6 M HC1 
III Solution volume 9 ml  
1 ml 2 % NaBH4 
1 ml Se 10 ng/ml in 4 M HC1 
7 ml 5,5 M HC1 
II Reduction of Se(VI) to Se(IV) 
Since six-valent selenium is reduced to hydro-
gen selenide more slowly than four-valent sele-
nium, it is important to ensure that the sele-
nium in the solution being measured has been 
converted to selenium(IV) by the pre-treatment 
(BRoDiE 1977). 
The reduction of selenate was studied i'n 
HC1 solutions of 2, 4, 6 and 8 M both without 
boiling and by boiling the selenium solutions 
on a hot-plate. At each acid concentration 
there were five parallel solutions containing 10 
ng/ml of Se. Each solution was measured five 
times. The measurements were carried out 
using 1 ml Se 10 ng/ml, 4 ml 6 M HC1 and 1 ml 
2 % NaBH4 solution. The selenium content 
was determined four hours and 24 hours after 
making up the measurement solutions. 
III Dissolution of the dry ashing residue in 
hydrochloric acid 
Under suitable conditions, the amount of sele-
nium lost during dry ashing with Mg(NO3 )2 
amounts to slightly more than 10 % (YLÄRAN-
TA 1982). However, our selenium analyses indi-
cate that if the acid concentration is increased 
to too high a value when dissolving the ashing 
residue in order to ensure reduction of Se(VI) 
to Se(IV), the selenium loss may be greater. In 
view of this it was essential to investigate more 
closely the effect of HC1 concentration on the 
selenium content of the ashing mixture when 
making up the measurement solutions in order 
to find the correct HC1 concentration. 
The Mg(NO3 )2 dry ashing used in this study 
was performed as follows: 500 mg of NBS Stan-
dard Reference Material 1571, orchard leaves, 
was weighed into a 100 ml beaker and 10 ml 
Mg(NO3 )2 solution was added. After thorough 
mixing the mixture was allowed to stand over-
night. The suspension was carefully dried on a 
sand bath at 220 °C. Dry ashing was then per-
formed in a muffle furnace for 6 hours at 
500 °C. The residue was moistened with 5 ml 
deionised water and dissolved in 15 ml HC1 
s'olution. The resulting solutions were then 
boiled on a hot-plate: 
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15 ml 6 M HC1 
10 ml 6 M HC1 and 5 ml 12 M HC1 
15 ml 10 M HC1 
15 ml 12 M HC1 
The selenium determinations were carried 
out four hours after making up the solutions 
using 1 ml of solution and adding to the reac-
tion vessel 4 ml 6 M HC1 and 1 ml 2 % NaBH4 
solution. There were 18 samples for each acid 
concentration, and each sample was used to 
make four parallel determinations. Solutions A, 
B, C and D above were prepared from dry 
ashings with Mg(NO3)2 performed on six differ-
ent days. The selenium content was also 
determined on six different days. The selenium 
content of some of the samples was determined 
four hours after dissolution of the ashing 
residue, and again 48 hours after. 
IV Cu(II) ion interference 
During formation of the hydride, selenium 
separates out of the analysis solution and 
matrix interferences in the flame itself are 
small. However, the hydride method is not 
completely without interferences, since Cu2+, 
in particular, interferes with the formation of 
H2Se (SiEmER and HAGEMANN 1975, SMITH 
1975, BRODIE 1977, VIJAN and LEUNG 1980). 
The effect of Cu2+ concentrations of 10, 30 
and 100 ,ug/m1 on selenium absorbance was 
studied during the measurement of 10 ng Se as 
selenite in a solution volume of 6 ml. The inves-
tigation was carried out by pipetting 1 ml of 
sample, 1 ml CuC12 solution in 6 M HC1, 3 ml 
6 M HC1 and 1 ml 2 % NaBH4 into the reac-
tion vessel. Eleven parallel selenium determina-
tions were carried out at each Cu2+ concentra-
tion. 
Statistical treatment of results 
To compare the means of the results obtained 
in the experiments, DUNCAN's (1955) test was 
applied at the 1 % level of significance. 
Significant differences between the figures 
presented in the tables are indicated by means 
of superscripts. Figures without common super-
scripts differ from each other at the 1 % level 
of significance. 
RESULTS AND DISCUSSION 
Measuring conditions 
Changes in the oxygen flow rate do not have 
any great effect on the sensitivity of selenium 
measurement with a 20 s integrating time 
(Table 1). The highest absorbances were 
obtained for an oxygen flow rate of 40--57 
ml/min. The smallest absorbances were obtain-
ed with an oxygen flow rate of 113 ml/min. 
These latter amounted to some 76 % of the 
highest value obtained (0,448), when the 
oxygen flow rate was 40 ml/min. 
Keeping the oxygen flow rate constant at 50 
ml/min and varying the hydrogen flow rate  
from 1340 to 2280 ml/min caused the absorb-
ances to decrease (Table 2). On the other hand, 
reducing the hydrogen flow rate caused a 
Table 1. Effect of oxygen flow rate on the sensitivity of 
selenium (10 ng) measurement. Hydrogen flow rate con-
stant at 1700 ml/min. 
02 (ml/min) Abso'rbance 
16 0,344a 








Table 2. Effect of hydrogen flow rate on the sensitivity of 
selenium (10 ng) measurement. Oxygen flow rate constant 
at 50 ml/min. 






spread in the absorbance peaks and a decline in 
reproducibility. The hydrogen flame in the 
quartz cuvette may be extinguished when the 
cock in the bottom of the reaction vessel is 
opened and the hydrogen flow rate is less than 
1300 ml/min. 
With the apparatus studied here, suitable 
flame conditions were obtained with an oxygen 
flow rate of about 50 ml/min and a hydrogen 
flow rate of 1700 ml/min. The changes taking 
place in the gas flow rates in practical analysis 
work are clearly small and of little significance 
in the analysis result. 
Doubling the integrating time from 10 to 20 
s caused a 9,2 % increase in the surface area of 
the peak when measuring 10 ng Se in a solution 
volume of 6 ml in 4,4 M HC1. The average 
value obtained for the half-peak width was 5,0 
s, which is slightly below the 5,6 s obtained by 
SIEMER and HAGEMANN (1975) for the measure-
ment of 100 ng of selenium in a solution 
volume of 5 ml. The deviation in the results 
was about the same for integrating times of 10 
and 20 s: at the 1 % level of significance the 
typical absorbance value obtained from 14 par-
allel determinations was 0,476 ± 0,007 for an 
integrating time of 10 s and 0,520 ± 0,010 for 
an integrating time of 20 s. If the integrating 
time chosen is so short that not the whole area 
of the peak is measured, care must be taken to 
ensure that the shape of the peak, and thus the 
portion of it measured, does not vary from one 
sample to another. 
The detection limit obtained for the hydride 
method from ten consecutive determinations 
using an integrating time of 20 s to measure the 
peak area was 0,23 ng (the mean of the blank 
24  
values + 3 X the standard deviation of the 
blank values). 
The optimum hydrochloric acid concentra-
tion for the formation of hydrogen selenide was 
found by REAMER et al. (1981) to be 3 M, 
while FERNANDEZ (1973) concluded it to be at 
least 5 M. 
With the hydride apparatus studied here, 
determination of the Se(IV) concentration was 
not greatly affected by changes in the HC1 
concentration in the range 2,4-8,4 M, al-
though 4,4 M HC1 gave the greatest measure-
ment sensitivity (Table 3). The results of the 
measurements made in hydrochloric acid con-
centrations of 2,4 M, 6,4 M and 8,4 M were 
5-9 % lower than those obtained in 4,4 M 
HC1 solution. On the other hand, the result 
obtained with 0,4 M HC1 is only 70 % of the 
highest value and differs significantly from the 
other results. In measurements made by VIJAN 
and LEUNG (1980) the selenium signal became 
smaller when the concentration of HC1 in the 
measurement solution exceeded 8 M. A de-
crease in the signal of around 22 % was ob-
tained in 9 M HC1 and of 33 % in 10,5 M HC1. 
The absorbance readings increased when the 
solution volume of the reaction vessel was 
increased from 3 to 9 ml (Table 4). The highest 
solution volume that can be used with the ap-
paratus studied here is about 9 ml. The measure-
ment sensitivity obtained with this volume 
and an integrating time of 20 s was more than 
10 % greater than the sensitivities obtained 
with 3 ml and 6 ml. The spread in the peak as 
the solution volume was increased from 3 ml to 
9 ml indicates that H2Se is liberated slowly in a 
large solution volume, and that an integrating 
time of 10 s is too short. 
Table 3. Effect of Ha concentration in the measurement 









0 4 8,4 0,439b 
1 3 6,4 0,445bc 
2 2 4,4 0,461c 
3 1 2,4 0,456bc 












8 M HCI 
Table 4. Effect of solution volume of the reaction vessel 







Selenium(VI) cannot be converted into its 
hydride unless it is first reduced to its tetrava-
lent state. A final solution of 2 M HC1 sufficed 
to reduce Se(VI) to Se(IV) on a water bath, or 
at ambient temperature overnight (EGAAs and 
JULSHAMN 1978). In his study, HOBBINS 
(1981) used 25 % (v/v) HC1. After sixty 
minutes of heating, including 40 minutes of 
boiling, a 97,9 % recovery by peak arca for 
Se(VI) was observed. BRODIE (1977) reduced 
selenate to selenite by heating it to about 70 °C 
in 50 % hydrochloric acid. 
If the selenate solution is not heated, this 
study showed that Se(VI) is reduced completely 
to Se(IV) in 4 hours in 8 M HC1, though only 
6 % is reduced in 6 M HC1 (Fig. 2). This 
Fig. 2. Effect of HC1 concentration and boiling on the 
reduction of Se(VI) to Se(IV). The means are presented, 
together with the 99 % confidence limits, as a percentage 
of the selenium(VI) added to the HCl solutions. 
finding is in agreement with determinations 
made by VIJAN and LEUNG (1980), who found 
the reduction to be incomplete in 4,5 M HC1, 
but to go to completion when the HC1;oncen-
tration reaches 7,5 M. 
Boiling the solution caused reduction of 
36 67,9 of the selenate in 4 M HC1, while in 6 M 
HC1 the reduction to selenium(IV) was 
complete. 
In dilute, 2 M HC1, however, even boiling 
failed to increase the reduction of selenium(VI). 
The only change in the selenium content 
measured after allowing the solution to stand 
for 24 hours was found in 6 M HC1 solution 
without boiling. The amount of selenium(IV) 
measured using the hydride method had in-
creased from the 4-hour value of 6 % to 20 % 
after 24 hours. 
The results obtained with NBS 1571 Stan-
dard Reference Material were surprising in that 
the amount of selenium measured in 6,2 M 
HC1 four hours after preparation of the solu-
tions was only 30 % of the highest concentra-
tions found in 3,6 M HC1 (Table 5). 
Table 5. Seleniurn content of the NBS Standard Reference 
Material 1571, orchard leaves, at different concentrations 
of HC1 in the measurement solution. 
Measurement 	Se (pg/kg DM) 
solution (M) 
2,2 	 41,2b 
3,6 69,7' 
4,8 	 45,5b 
6,2 21,1a 
The highest selenium contents obtained were 
69,7 pg/kg of dry matter, which corresponds 
well with the content specified for the reference 
material — (80 ± 10)pg/kg — when account is 
taken of the fact that a good 10 % of the sele-
nium is lost during dry ashing with Mg(NO3)2 
(YLÄRANTA 1982). The coefficient of variation 
of 18 determinations was 4,9 %. The results 
were similar with or without the method of 
additions of selenium(IV). 
The results indicate that hydrochloric acid 
should be used sparingly in dissolving the 
4 1 2 8300441W 
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mixture obtained from Mg(NO3 )2 dry ashing, 
since the selenium content in 4,8 M HC1 was 
already 35 % lower than in 3,6 M HC1. During 
dry ashing, the magnesium nitrate is converted 
into MgO, which then consumes hydrochloric 
acid during the dissolution stage. Thus, instead 
of using a saturated solution of Mg(NO3 )2 in 
dry ashing, it would be better to use a solution 
containing less Mg(NO3 )2 , which would be 
easier to make up and which would make it 
easier to determine the HC1 concentration in 
the final solution used for measurement. 
When repeat determinations were made on 
the solutions from dry ashing two days later, 
the results were equal in 3,6 M, 4,8 M and 6,2 
M HC1 solutions. There was no change in the 
selenium contents of the 2,2 and 3,6 M HC1 
solutions, but there was an increase in the con-
tents of the 4,8 and 6,2 M HC1 solutions to 
that of the 3,6 M HC1. The fact that the lowest 
value was obtained with the most dilute hydro-
chloric acid solution show- s that 2,2 M HC1 is 
not sufficient to reduce Se(VI) completely to 
Se(IV). On the other hand, when the concen-
tration of the HC1 used to dissolve the dry 
ashing residue is too great, the selenium is ap-
parently reduced to elemental selenium, which 
is not subsequently cOnverted to hydrogen 
selenide like selenium(IV). The return to an 
oxidation state of IV takes place slowly once 
the solution has cooled. 
The conditions in the ashing mixture do not 
correspond with pure hydrochloric acid solu-
tions containing only selenium, since when the  
selenate solution was boiled the 4 M HC1 solu-
tion yielded only 37 c7o of the selenium contai-
ned in the solution, whereas 6 M HC1 yielded 
100 % (Fig. 2). 
The highest Cu2+ concentration of 100 
pg/ml caused an average decrease of 48 % in the 
absorbance obtained when measuring 10 ng of 
selenium (Table 6). The lowest Cu2+ concen-
tration of 10 pg/ml caused the absorbance 
reading to fall 2 % and a Cu2+ concentration of 
30 pg/ml a fall of 8 %. The mean absorbance 
readings obtained with additions of 0 and 10 
of Cu2+ did not differ significantly from 
Table 6. Effect of copper(II) concentration on arca of 
absorption peak for the measurement of 10 ng Se. 
Cu (pg/ml) 	Absorbance 	Suppression (%) 
	
0 0,461' 
10 	 0,451' 
30 0,426b 
100 	 0,239' 
each other at the 1 % level of significance. The 
results are in agreement with those obtained by 
VIJAN and LEUNG (1980), since during 
measurement of 20 ng/ml Se(IV), the selenium 
signal fell by 10 % for a Cu2+ concentration of 
30 pg/ml and by 30 % for a Cu2+ concentration 
of 100 pg/ml. Plant matter usually contains so 
little copper that the amount passing into the 
solution for analysis using the ashing method 
described here is generally less than 1,0 pg/ml. 
Hence the copper interference in the analysis of 
selenium in plant matter using the hydride 
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Pienten seleenimäärien analysoiminen rutiininomaisesti on 
ollut vaikeata aina viime vuosikymmenen puoliväliin saak-
ka. SIEMERin ja HAGEMANNin (1975) kehittämä hydridime-
netelmä on mahdollistanut seleenin luotettavan määrittä-
misen monenlaisista näytteistä lähes jokaisessa kemiallisessa 
laboratoriossa, koska atomiabsorptiospektrofotometrin 
ohella tarvitaan vain reaktioastia eli hydridigeneraattori, 
kvartsikyvetti sekä sopivat hapen ja vedyn virtaussäätimet. 
Hydridimenetelmän käytön leviämisen esteenä ovat ol-
leet käyttöominaisuuksiltaan ja -arvoltaan hyvin erilaiset 
laitteistot. Asiaatuntematon arvostelija on vielä usein se-
koittanut itse mittausmenetelmän ja näytteiden esikäsitte-
lymenetelmät. 
Työssä tutkittiin Suomessa laajalti käytössä olevalla hyd-
ridilaitteistolla, jonka on valmistanut Lasinpuhaltamo Sil-
jander Oy, Helsinki, mittausolosuhteisiin liittyviä virhe- 
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mahdollisuuksia sekä seleenin määrittämistä Mg(NO3)2-kui-
vapoltolla kasviaineksesta valmistetuista analyysiliuoksista. 
Käytännön analyysityössä on reaktioastian suolahappo-
konsentraation sekä happi- ja vetykaasujen virtausten 
Muutoksilla pi'eni vaikutus analyysitulokseen. Absorptio-
piikin leveneminen reaktioastign liuostilavuuden kasvaessa 
3 ml:sta 9 ml:aan, joka on suurin käytettävissä oleva näyt-
teen ja reagenssien yhteismäärä reaktioastiassa, osoitti, että 
seleenihydridi, H2Se, vapautuu hitaasti suuressa liuostila-
vuudessa. Tämä on otettava huomioon mittauksessa käy-
tettävää integrointiaikaa valittaessa, jotta koko absorptio-
piikin pinta-ala tai korkeus tulisi mitatuksi. 
Seleenin on oltava 4-arvoisena mittausliuoksessa pelkis-
tyäkseen reaktioastiassa seleenihydridiksi, joka johdetaan 
kvartsikyvettiin atomisointia ja seleenimittausta varten. 
Se(VI) pelkistyy 6 M HC1-liuoksessa hydridimenetelmällä 
mitattavaksi, mikäli liuosta ,kiehautetaan. Kasviaineksen 
Mg(NO3)2-kuivapolttojäännöksen HC1-liuotuksessa on 
optimi happokonsentraatio tätä huomattavasti pienempi, 
jos seleenimittaus suoritetaan noin 4 tunnin kuluttua mit-
tausliuosten valmistumisesta. Näyteliuoksen suuressa HC1- 
konsentraatiossa osa seleenistä ilmeisesti pelkistyy keiton 
aikana hapetusluvulle nolla, vapaaksi seleeniksi, joka hitaas-
ti hapettuu mitattavaksi 4-arvoiseksi seleeniksi jäähtyneen 
liuoksen seisoessa. 
Koska seleeni erottuu analyysimatriisista, ovat mittaus-
häiriöt pieniä itse liekissä. Reaktioastiassa saattaa kuitenkin 
tapahtua seleenin kerasaostumista muiden pelkistyneiden 
aineiden kanssa, haihtuva seleenihydridi voi adsorboitua tai 
muodostunut seleenihydridi saattaa hajota katalyyttisesti. 
Analysoitaessa seleeniä kasviaineksesta tutkimuksessa kuva-
tulla tavalla pidetään suurta Cu(II)-ionikonsentraatiota pa-
hana häiriötekijänä. Kasviaines sisältää kuitenkin tavallisesti 
niin vähän kuparia, ettei siitä ole haittaa analyysituloksen 
kannalta. 
Hydridimenetelmän toteamisrajaksi määritettiin 0,2 ng 
Se reaktioastiaan pipetoidussa häiriöttömässä näytteessä. 
Tutkittu hydridimenetelmä ja -laitteisto soveltuvat hy-
vin seleenin luotettavaan ja nopeahkoon määrittämiseen 
kasviaineksesta. Mg(NO3)2-kuivapolttojäännöksen liuotus 
oikeaan suolahappoväkevyyteen on tärkein työvaihe selee-
nimäärityksen onnistumisen kannalta. 
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SORPTION OF SELENITE AND SELENATE IN THE SOIL 
TOIVO YLÄRANTA 
YLÄRANTA, T. 1983. Sorption of selenite and selenate in the soi!. Ann Agric. Fenn. 
22: 29-39. (Agric. Res. Centre, Inst. Soi! Sci., SF-31600 Jokioinen, Finland.) 
A three-month incubation experiment was carried out in the laboratory to study the 
sorption of selenium in the form of added sodium selenite and selenate in clay soi!, 
fine sandy soil and Carex peat. 
After one month's incubation, the amounts of selenium extractable into hot water 
were 0-4 % of the added selenium from the clay soi!, 1-9 % from the fine sandy 
soi! and 21-41 % from the Carex peat. Liming increased the amount of extractable 
selenium. In the Carex peat the amounts of selenium extractable into 0,05 M 
NH4 OH and 0,2 M (NH4 )2 C204  decreased as a result of adding organic matter. The 
amounts of selenium extracted from clay and fine sand by 0,05 M NH4 OH and 0,2 
M (NH4 )2C204 solutions were 2-16 times greater than those extracted into 0,01 M 
KH2 PO4 solution and hot water. 
The test carried out to compare the sorption of selenite, selenate and phosphate in 
the soil showed that the sorption of selenite was less than that of phosphate. The 
selenite sorption values were, on average, 77 % in clay soi!, 34 % in fine sandy soi! 
and 39 % in Carex peat from a 3 x 10-4 M solution of Na2 Se03 in 0,1 M NaCl. 
There was no sorption of selenate at the concentrations studied (3 x 10-5 M and 3 x 
10-4 M). 
The amounts of selenium extracted into hot water and 0,01 M KH2PO4 after one 
month's incubation from mineral soils treated with selenate were even several tens of 
times higher than that extracted from mineral soils treated with selenite. Some of the 
selenate added to the soils was apparently reduced and was subsequently sorbed, 
because the addition of organic matter caused a clear reduction in the extraction of 
selenium into 0,01 M KH2 PO4 solution and hot water. The amount of selenium 
extractable into 0,01 M KH2 PO4 solution fell from 62 % of the added selenium 
obtained in the untreated soils to 22 % in the case of clay soi!, from 79 % to 39 % in 
the case of fine sandy soil and from 78 % to 32 % in the case of Carex peat as a result 
of adding organic matter. 
The differences in the amounts of selenium extractable into hot water were only 
slight in the one-month and three-month incubation experiments. 
Index words: selenium sorption, sodium selenite, sodium selenate, liming, clay soi!, 
fine sandy soi!, Carex peat. 
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INTRODUCTION 
In the soil, selenite and selenate are the most 
readily available sources of selenium for plants 
(CARY and ALLAWAY 1969, GISSEL-NIELSEN 
and BISBJERG 1970). The chemical form of sele-
nium in the soil depends largely on the soil pH 
and on the redox potential. The predominant 
mobile inorganic forms of selenium are selenate 
in aerated alkaline soils, and selenite in acid, 
reducing soils such as those generally occurring 
in humid areas (GEERING et al. 1968). Many 
soil micro-organisms reduce both selenate and 
selenite to elemental selenium, which is present 
in the soil as red grains which can be seen with 
the help of a microscope (BAuTisTA and 
ALEXANDER 1972). In waterlogged acid soils 
the reduction of selenium may even proceed as 
far as selenide. Since the reduced forms of sele-
nium are the least readily available to plants 
(GISSEL-NIELSEN and BISBJERG 1970), the sele-
nium contents of plants growing on acid, 
reducing soils are low (CARY and ALLAWAY 
1969). 
The rate of reduction of selenite to elemen-
tal selenium and selenide varies in different soils 
(CARY et al. 1967). The rate of reduction is 
very important, however, as the oxidation of 
selenium into a form available to plants may 
proceed considerably more slowly than reduc-
tion. 
Selenites bind strongly with the active iron 
oxides in the soil (CARY et al. 1967, GEERING 
et al. 1968) and with organic matter (HAMDY 
and GISSEL-NIELSEN 1976 a). Selenate is more 
readily soluble than selenite and is therefore 
more susceptible to leaching, particularly from 
peat soils (YLÄRANTA 1982 a). 
A number of extraction methods and extract-
ants have been used to establish the different 
selenium fractions present in the soil. 
Water-soluble selenium is often referred to 
as "selenium available to plants". The solutions 
used for selenium determination are usually 
obtained by shaking a small amount of soil with 
water or by extracting the soil with hot water. 
HAMDY and GISSEL-NIELSEN (1976 b) shook 
10 g of soil with 100 ml of water for 24 hours. 
SINGH and KUMAR (1976) boiled 20 g of soil in 
40 ml of water. The watersoluble selenium frac-
tion varies from 0,3-5,5 % (FLEmiNG and 
WALSH 1957, HAMDY and GISSEL-NIELSEN 
1976 b) up to 10-36 % of the total selenium 
present in the soil (RAviKoviTcH and MARGO-
LIN 1957, PATEL and MEHTA 1970, MISRA and 
TRIPATHI 1972, SINGH and KUMAR 1976). 
The highest figures are obtained from soils in 
and climates, where the readily soluble selenate 
may accumulate in the soil. Selenates can also 
be extracted into 0,2 M K2SO4 solution (CARY 
et al. 1967). 
According to RAJAN and WATKINS ON 
(1976), phosphate exchanges readily with spe-
cifically absorbed selenite, which is considered 
to be fairly easily available to plants. 
Hydroxide ions will extract potentially avail-
able, mainly organic, selenium (CARY et al. 
1967, HAMDY and GISSEL-NIELSEN 1976 a). 
Acid ammonium oxalate is believed to ex-
tract iron selenites (JOHN et al. 1976). 
It is important to know the sorption of sele-
nite and selenate in different soils and under 
different conditions in order to be able to 
assess the availability to plants of selenium 
added to the soil. 
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MATERIAL AND METHODS 
Incubation experiment 
A laboratory incubation experiment was carried 
out to study the effects of liming and of adding 
organic matter on the sorption of added sele-
nite and selenate in clay soil, fine sandy soil and 
Carex peat. 
The particle size distribution of the mineral 
soils was determined using the pipette method 
of ELONEN (1971). 
Particle size (0) Clay soi! Fine sandy 
soi! 
<0,002 mm 62 % 17 % 
0,002-0,02 24 13 
0,02-0,06 9 16 
0,06-0,2 2 37 
0,2-2 3 17 
The Carex peat used in the experiment con-
tained 8,6 % inorganic matter. The clay soi! 
contained 4,0 % organic carbon and the fine 
sandy soi! 2,2 %. The pH(CaC12) values of the 
soils were 4,7 for clay, 4,9 for fine sand and 3,9 
for Carex peat. 
The experimental pian for both selenite and 
selenate was as follows: 
I Untreated 
II Liming 
III Addition of organic matter 
IV Addition of organic matter liming 
Liming was carried out using analytical grade 
Ca(OH)2 powder. The purpose of liming was 
to raise the pH(CaC12 ) of the soil by about 1,5 
pH units. The amount of lime required was 
determined using the Ca(OH)2 titration 
method (MÄNTYLAHTI and YLÄRANTA 1980). 
Air-dried soi! (0 5 2 mm) was weighed into 
beakers to give a volume of about 100 ml. The 
weight of clay and fine sand used was 100 g. To 
the clay was added 600 mg of Ca(OH)2 powder 
and to fine sand 240 mg. The weight of Carex 
peat used per beaker was 20 g and liming 
amounted to 1 625 mg of Ca(OH)2 per 100 g 
of soi!. The experiment involved four rep-
licates. 
Ground shoots of rye grass (Lolium multi-
florum Lam.) were used as the organic matter. 
5 g of air-dried rye grass, which contained 
2,4 % nitrogen, was added to each beaker. The 
mean total selenium content of the air-dried 
clay soi! was 0,37 mg/kg, that of fine sandy soi! 
0,17 mg/kg and that of the Carex peat 
0,39 mg/kg. 
A more detailed description of the properties 
of the soils used .in the experiment, the deter-
mination of the amount of lime required and 
the organic matter added to the soils is given in 
an earlier publication (YLÄRANTA 1982 a). 
The clay soil was watered with 25 ml of 
water, the fine sandy soi! with 20 ml and the 
Carex peat with 55 ml. To each beaker was 
added 25 ml of an aqueous solution of either 
Na2Se03 • 5H20 (Merck, product number 
6607) or Na2Se04 • 10H20 (BDH 10262), 
both of which contained 4 mg Se/1. The 
amount of selenium added to each beaker was 
thus 100 pg. 
The soils were watered with deionised water 
at 2-3 day intervals to slightly moister than a 
pF value of 2. 
The water holding capacity corresponding to 
water columns of 10 cm and 100 cm was deter-
mined for the untreated soils and the soils 
treated with organic matter using 250 ml glass 
filter funnel (Schott & Gen. G4). The addi- 
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tion of organic matter increased the water 
holding capacity (pF 2) of the mineral soils at 
the start of the incubation experiment. Despite 
this, the different treatments were moistened in 
the same way throughout the three-month ex-
periment. Enough water was added to the clay 
soil to raise its water content to 58 g, to raise 
that of the fine sand to 44 g and that of Carex 
peat to 80 g. More than 5 g of water evaporated 
from each beaker per day. The incubation was 
carried out in the laboratory, where the tem-
perature varied from 20 °C to 24 °C. Each type 
of soil was incubated separately for a three-
month period. 
The purpose of adding organic matter was to 
intensify the activity of micro-ogranisms in the 
soil. It was hoped, by adding fairly large 
amounts of water, to achieve partly anaerobic 
conditions, since under these conditions the 
organic matter acts as an electron donor, while 
in the absence of free oxygen, inorganic com-
pounds in their higher oxidation states act as 
electron acceptors. In "waterlogged" soils 
various reduction reactions thus take place, one 
of which could be the reduction of Se(VI) to 
Se(IV). As the organic matter gives rise to com-
pounds containing hydrogen, the pH of the soil 
rises, a fact that is easily demonstrated by 
measurement. 
One month after the start of the incubation, 
samples were taken from the soils and extracted 
with 0,01 M KH2PO4, 0,05 M NH4OH, 0,2 M 
(NH4 )2C204 and H20 under the following 
conditions: 
I 	0,01 M KH2PO4, extraction time 2 h 
II 	0,05 M NH4OH, extraction time 17 h 
III 0,2 M (NH4)2C204, 0,1 M C2H204, pH 
3,3, extraction time 17 h 
IV 	Hot water, extraction time 30 min. 
For extractions I and III one twentieth of 
the contents of the beaker were weighed into 
100 ml polythene extraction flasks. 50 ml of 
extractant were measured out for each sample  
using a measuring cylinder. For the ammonium 
hydroxide extractions one fifth of the contents 
of the incubation vessel were weighed into a 
250 ml extraction flask to which 200 ml of ex-
tractant were then added. The samples were 
shaken mechanically on an Infors TR-1 shaker 
at 2 r/s. 
Extraction with hot water was carried out in 
250 ml glass boiling flasks (YLÄRANTA 1982 a). 
One quarter of the contents of the beaker were 
weighed into the flask and 75 ml of water 
added. 
At the end of the three-month experiment 
the hot water extraction was repeated on a new 
batch of soil. The selenium content of the 
filtrates was measured. The pH(CaC12 ) values 
were measured for each incubation vessel using 
0,01 M CaC12 suspensions (v/v 1:5) of the 
samples after standing for two hours. The 
samples were stirred before measurement. 
Sorption experiment 
The sorption of selenate and selenite in clay 
soil, fine sandy soil and Carex peat was com-
pared with that of phosphate. 5 g of air-dried 
soil (0 5_ 2 mm) was shaken for 1 hour in a 250 
ml polythene flask with 100 ml of 0,1 M NaC1 
solution containing 3 x 10-5 or 3 x 10-4 M 
NaH2PO4 • H20 (Merck 6346), Na2Se03 • 
5H20 or Na2Se04 • 10H20. The suspen-
sion was shaken again for 10 min after being 
allowed to stand for 24 hours. The samples 
were shaken on an Infors TR-1 shaker at 2 r/s. 
The experiment was carried out in the labora-
tory at a temperature of 20 °C. 
The suspensions were centrifuged and the 
supernatant filtered through fine filter paper 
(Scleicher & Schiill, Selecta 602 h1/2). This 
filter paper was considered to be satisfactory as 
the solution passing through a 0,45 itIM Sarto-
rius membrane filter (Product number 11306) 
gave a consistent result. 
Clay soil, fine sandy soil and Carex peat were 
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also extracted with 0,1 M NaC1 solution. The 
Se and P contents and pH of the filtrate were 
measured. 
There were five parallel samples for each 
type of soi!, compound and concentration. 
Determinations 
Ali the selenium determinations in this study 
were carried out using the hydride method 
(SiEmER and HAGEMANN 1975). For the deter-
mination of total selenium the clay and fine 
sand were decomposed as follows, modifigl 
from BAJO (1978): 1 g of air-dried soi! (0 5_ 0,2 
mm) was weighed into a 120 ml teflon dish and 
25 ml of concentrated HF (Merck 338), 5 ml of 
concentrated HNO3 (Merck 456) and 5 ml of 
concentrated HC104 (Merck 519) were added. 
The mixtures were allowed to stand overnight 
before being evaporated almost to dryness on a 
sand bath. The residues were then treated with 
10 ml of 6 M HC1 and heated for 30 min on a 
hot plate to boiling point. The residue was 
transferred to a 50 ml graduated flask and the 
solution made up to the mark with 6 M HC1. 
The Carex peat sample was decomposed by 
treating 0,5 g of sample with 10 ml of HF, 20 
ml of HNO3 and 5 ml of HC104. Decomposi-
tion proceeded as for the mineral soils. Three 
different decompositions were carried out for 
each type of soi!. 
The selenium content of the filtrates ob-
tained from the incubation experiment and the 
sorption experiment were determined after dry 
ashing 20 ml of filtrate with Mg(NO3 )2 as an 
ashing aid (YLÄRANTA 1982 b, 1983). 
The selenium determinations in the incuba-
tion experiment were carried out on a Varian 
Techtron 1250 atomic absorption spectro-
photometer equipped with a Westinghouse sele-
nium electrodeless discharge lamp (EDL), a 
Westinghouse power supply and a W 	W 
1100 recorder. The selenium content was deter- , 
mined from the height of the peak. 
The total selenium determinations for the 
clay soi!, fine sandy soil and Carex peat, and for 
the sorption experiment samples, were carried 
out using a Perkin-Elmer 5000 atomic absorp-
tion spectrophotometer. The equipment and 
the method used have been described in detail 
in a previous publication (YLÄRANTA 1983). 
The selenium determinations were made on 
the day the solutions were prepared for measure-
ment. Three approved measurements were 
made on each solution. The measurements were 
made using 0,1-5 ml samples with or without 
the method of additions of selenium(IV) to 
check that there was no interference. 
The phosphorus content of the solutions ob-
tained from the sorption experiment was deter-
mined using the ascorbic acid method 
(MURPHY and RILEY 1962) from 10 ml por-
tions of filtrate by means of a Shimadzu UV-
150-02 spectrophotometer. 
RESULTS 
The amounts of selenium extracted from the 
soils treated with selenite were 1,2-38 pg/100 
g of clay soi!, 2,9-82 pg/100 g of fine sandy 
soi! and 3,8-77 pg/20 g of Carex peat (Table 
1). The highest amounts of selenium were 
found in the ammonium hydroxide and ammo- 
nium oxalate extracts. The amount of selenium 
extracted from the clay soil blanks by dihydro-
gen phosphate solution and hot water averaged 
1,0 pg/100 g, while that extracted by ammo-
nium hydroxide and ammonium oxalate solu-
tions averaged 7 pg/100 g. The corresponding 
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Table 1. Extraction of the native selenium + selenium 
added to the soil as sodium selenite (Se 100 pg/beaker) 
after incubation for one month. Figures not marked with 
the same letter differ from each other at the 1 % level of 
significance (DUNCAN 1955). The test was applied to each 
soil type_and each e-Xtractant used for the various experi-
mental treatments. 
Clay KH2 PO4 
Se extracted (pg/beaker) 
H20 	NH4 OH (NF14)2C2 04 
2,2' 1,2' 38b 
II 9,6' 3,2b 33b 18' '• 
2,6'b 31b 18' 
IV 6,4b 5,3' 22' 22' 
Fine sand 






676 78ab 58b 50' 
IV 18b 11' 82b 49' 
Carex peat 
3,8' 23' 51b 37b 
II 29` 43' 77' 726 
12b 28' 373 216 
IV 17' 33b 38' 24' 
The treatments: I Untreated, II Liming, III Addition of 
organic matter, IV Addition of organic matter + liming 
amounts extracted from the fine sandy soil 
blanks were 2 pg/100 g and 7 pg/100 g, while 
those for Carex peat were 1,5 and 1,7 pg/20 g. 
There were no significant differences between 
the amounts of selenium extracted from the 
various treatments of the soil blanks. 
Roughly speaking, the dihydrogen phosphate 
solution and hot water on the one hand, and 
ammonium hydroxide and ammonium oxalate 
solution on the other, extracted the same 
amounts of selenium from clay and fine sand 
when the average figures are compared. 
The difference in the amounts of selenium 
extracted into the various extractants were 
smaller in the case of Carex peat than for the 
two mineral soils. However, the KH2PO4 solu-
tion extracted less selenium from the Carex 
peat than did the other extractants. 
The average amounts of selenium extracted 
by dihydrogen phosphate solution and hot 
water were 1,2-9,6, pg/100 g of clay soil, 
2,9-20 pg/100 g of fine sandy soil and 3,8-43 
pg/20 g of Carex peat. The amounts of sele- 
nium extracted from clay and fine sand by 0,05 
M NH4OH and 0,2 M (NH4)2C204 solutions 
were 2-16 times greater than those extracted 
into 0,01 M KH2PO4 solution and hot water. 
Taking into account the amounts of sele-
nium extracted from the blanks, dihydrogen 
phosphate solution and hot water extracted 
0,2-8,6 % of the selenium added to clay in the 
form of selenite, 0,9-18 % of that added to 
fine sand and 2,3-41 % of that added to Carex 
peat. In the case of ammonium hydroxide and 
ammonium oxalate solutions the corresponding 
figures were 9-31 % for clay, 42-75 % for 
fine sand and 19-75 % for Carex peat. 
The amounts of selenium derived from 
added selenite that were extracted from the 
clay, fine sand and Carex peat into dihydrogen 
phosphate solution and water were increased by 
liming. However, only in the case of Carex peat 
did liming increase the amount of selenium ex-
tracted into ammonium hydroxide and ammo-
nium oxalate solutions. 
The effect of adding organic matter and the 
combined effect of organic matter and liming 
on the amounts of selenium extracted were not 
so clearly defined. There was an increase in the 
amount of selenium extracted from Carex peat 
into dihydrogen phosphate solution and from 
fine sand into hot water in categories III and 
IV of the experimental pian. The amounts of 
selenium extracted from Carex peat into 
ammonium hydroxide and ammonium oxalate 
solutions decreased with the addition of or-
ganic matter alone and in combination with 
liming. 
Ali the extractants used extracted consider-
ably more selenium from the beakers to which 
selenate was added than from those with added 
selenite. The differences in the amounts of sele-
nium extracted into the various extractants 
also decreased in the case of selenate. Almost 
ali the selenium added to untreated clay and 
fine sand in the form of selenate was extracted 
into 0,05 M NH4OH and 0,2 M (NH4 )2C204 
(Table 2). Liming increased the amounts of sele- 
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Table 2. Extraction of the native selenium 	selenium 
added to the soil as sodium selenate (Se 100 pg/beaker) 
after incubation for one month. Figures not marked with 
the same letter differ from each other at the 1 	level of 
significance (DUNCAN 1955). The test was applied to each 
soil type and each extractant used for the various experi-
mental treatments. 






















81c 78c 108' 107' 
II 93d 90d 109' 110` 
III 412 51' 73' 642 




 931, 91' 85' 
II 87' 95c 85' 
III 34' 40a 56a 342 
IV 41' 49' 71b 48b 
* The treatments: I Untreated, II Liming, III Addition of 
organic matter, IV Addition of organic matter liming 
niurn extracted into 0,01 M KH2PO4 and hot 
water from fine sand from 80 % to 90 %, but 
reduced the amounts of selenium extracted 
from clay into ammonium hydroxide and 
ammonium oxalate solutions. The addition of 
organic matter to the soil reduced the amounts 
of selenium extracted into ali the extractants 
from clay, fine sand and Carex peat. The 
biggest decrease was found in clay soi!, in which 
the addition of organic matter reduced the 
amount of selenium extracted into dihydrogen 
phosphate solution and hot water from 60 % 
to 20 % when compared with untreated clay. 
The amount of selenium extracted from fine 
sand was greater following addition of both 
lime and organic matter than after addition of 
organic matter alone. The same kind of increase 
in the amounts of selenium extracted was 
found in the case of extraction of Carex peat 
with 0,05 M NH4OH and 0,2 M (NH4 )2C204. 
The only significant changes in the amounts 
of selenium extracted into hot water in the 
one-month and three-month incubation experi-
ments were seen in the soils with added selenite  
(Table 3). Less selenium was extracted from 
clay treated with organic matter after three 
months' incubation than after one month's. 
The amount of selenium extracted from fine 
sandy soils treated with both lime and organic 
matter fell from 11 % to 5,7 %. The amount of 
selenium extracted from Carex peat after incu-
bation for three months was only about half of 
that extracted after one month, with the excep-
tion of the beaker to which organic matter was 
added, in which the change was not significant. 
The changes found on the blanks and in the 
soils treated with selenate were not significant 
at the 1 % level of significance. 
Determinations of pH carried out after the 
end of the experiment showed that liming had 
increased the pH(CaC12 ) of clay soi! by 1,6 pH 
units, that of fine sand by 1,4 pH units and 
that of Carex peat by 1,1 pH units (Table 3). 
The addition of organic matter caused the pH 
of clay to rise by 0,1 pH units and that of fine 
Table 3. Extraction of the native selenium 	selenium 
added to the soil as sodium selenite (Se 100 pg/beaker) 
into hot water. The • soils were first extracted after one 
month's incubation (A) and again together with pH(CaC12 ) 
measurement after three months' incubation (B). Average 
selenium values and pH(CaC12 ) figures for each soil type 
at the two measuring times that are not marked with the 
same letter differ from each other at the 1 % level of 




A and B pH(CaC12) 
I" 1,22 1,1' 0,4 4,6' 
II 3,2' 3,51' 0,4 6,2d 
III 2,6b 1,7a 0,8 4,7b 
IV 532 3,612  2,3 6,0' 
Fine sand 
3,1' 1,1 4,6' 
II 5,9b 4,3b 2,2 6,0' 
III 10' 9,5d 2,0 5,7b 
IV 11' 5,72 1,5 5,9c 
Carex peat 
23' 13' 29 4,3' 
II 43` 2112 7,9 5,4b 
III 28' 30' 6,1 5,6b 
IV 3312 4,1 5,6b 
" The treatments: I Untreated, II Liming, III Addition of 
organic matter, IV Addition of organic matter liming 
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Table 4. Sorption of selenite (Na2Se03 ), selenate 
(Na2Se04) and phosphate (NaH2PO4) in clay and fine sand 
at pH 5 and in Carex at pH 4,4. The proportion of the 
added selenium and phosphorus not sorbed by the soil is 
given at the 99 % confidence limits. 
Extracted 3 X 10-5  
to 0,1 M 	Not 	Sorbed 
NaC1 	sorbed 




Clay (pg/kg) (%) (%) (%) (59) 
Selenate Se 8,4 103±3 — 102±2 
Selenite Se 8,4 14,3±1,2 85,7 23,3±1,1 76,7 
Phosphate P 410 0,78±0,06 99,2 3,4±0,3 96,6 
Fine sand 
Selenate Se 8,0 100±3 — 103±2 
Selenite Se 8,0 47±3 53 66±4 34 
Phosphate P 	1530 5,9±0,5 94,1 25±2 75 
Carex peat 
Selenate Se 7,8 102±4 101±5 
Selenite Se 7,8 57±3 43 61±4 39 
Phosphate P 	14100 18±2 82 32±3 68 
sand by 1,1 pH units and Carex peat to rise by 
1,3 pH units. The pH resulting from the addi-
tion of both lime and organic matter showed 
hardly any change from that produced by 
liming alone. The pH of clay soil was 0,2 pH 
units lower, however, than in the clay soils 
treated with lime. 
There were no significant differences in the 
pH values of soils given either selenite or sele-
nate and those incubated without . selenium 
within each treatment group (1—TV). 
In the sorption experiment no selenate was  
sorbed by clay, fine sand or Carex peat (Table 
4). A large proportion of the native phosphate 
was extracted from the various soils into 0,1 M 
NaC1 solution, particularly when compared 
with the more dilute of the two concentrations 
(3 x 10-5  M). In calculating the results shown 
in the table it was assumed that the equilibrium 
concentration of the native phosphate is the 
same as in extraction with 0,1 M NaC1, and 
this value was subtracted from the phosphorus 
contents measured in the sorption experiment 
filtrates. The small amounts of selenium ex-
tracted into 0,1 M NaC1 are of no significance 
in terms of selenate or selenite. 
Clay sorbed 99,2 % of the phosphate from 
the more dilute solution (3 x 10-5 M) and 
96,6 % from the more concentrated solution (3 
x 10-4 M). The corresponding figures for fine 
sand were 94,1 % and 75 %, and for Carex peat 
82 % and 68 %. 
The sorption of selenite was poorer than 
that of phosphate in ali the soils studied. Fine 
sand sorbed an average of 53 % of the selenite 
from the more dilute solution and 34 % from 
the more concentrated one. The corresponding 
sorptions for Carex peat were 43 % and 39 %. 
Selenium sorptions by the clay soil were 85,7 % 
and 76,7 % of the selenium added as selenite. 
The pH of clay and fine sand averaged 5,0 
and that of Carex peat 4,4, as measured from 
the 0,1 M NaC1 conditioning solution. 
DISCUSSION 
Since the loss of selenium through volatiliza-
tion from the same experimental soils, both 
with and without the treatments given here, 
viz. addition of lime and organic matter, has 
been shown to be extremely small (YLÄRANTA 
1982 a), the selenium remaining in the soil after 
extraction represents the proportion of added 
selenite or selenate that was sorbed. 
Selenite is strongly sorbed by clay soils, as 
the sorption experiment indicated. The sele- 
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nites are sorbed by clay minerals and sorbed or 
occluded by reactive iron oxides to form spar-
ingly soluble ferric hydroxide-selenite com-
plexes (GEERING et al. 1968, CARY and 
ALLAWAY 1969, JOHN et al. 1976, HAMDY 
and GISSEL-NIELSEN 1977). Selenite is also 
strongly sorbed by organic matter (HAMDY 
and GISSEL-NIELSEN 1976 a, JOHN et al. 1976). 
Phosphate is sorbed by soil even more strong-
ly than selenite. In sorption experiments 
carried out by RAJAN and WATKINSON (1976) 
about three times more phosphate than selenite 
was adsorbed on an allophane clay, due mainly 
to phosphate displacing more aquo groups and 
thus making the surface less positive. Phos-
phorus was adsorbed more strongly than sele-
nite because in the desorption experiment the 
phosphate displaced ali the adsorbed selenite. 
The sorption of selenate in soil has been 
studied less than that of selenite. Experiments 
carried out by CARY and GISSEL-NIELSEN 
(1973) showed selenate to be as much as 10-20 
times more soluble than selenite. Selenate 
added to soil shows a tendency to become 
reduced to the lower oxidation states of 
selenite and elemental selenium (GEERING et 
al. 1968). 
In this study the amount of selenium ex-
tracted into hot water and dihydrogen phos-
phate solution after one month's incubation 
from soils treated with selenate was even 
several tens of times higher than that extracted 
from mineral soils treated with selenite. 
During the incubation some of the selenate 
had been converted into a non-extractable 
form. On the other hand, the sorption experi-
ment showed that the selenate had not been 
sorbed by the clay soi!, the fine sandy soil and 
the Carex peat. It would thus appear that some 
of the selenate added had been reduced and had 
become adsorbed within the first month of the 
experiment. In fact CARY and GISSEL-NIELSEN 
(1973) showed, in their incubation experiment, 
in which they added to sandy loam soi! 0,02 
ppm Se as K2Se04 , that 25 % of the added  
selenium had changed into a form that could 
not be extracted into 0,01 M CaC12 solution 
within 1,5 hours. Afte'r this the amount of sele-
nium extractable from experimental soil fell 
very slowly, as 73 days after the start of the 
incubation 50 % of the selenium added could 
be extracted into 0,01 M CaC12. 
The addition of organic matter greatly reduced 
the amount of selenium present in the soil 
as selenate extractable into dihydrogen phos- 
phate solution and hot water. Some of the sele-
nite added to soil is known to be converted 
into an organic form (CARY and ALLAWAY 
1969, HAMDY and GISSEL-NIELSEN 1976 a). 
This may not be the case for selenate after only 
one month's incubation, as the addition of 
organic matter also caused a decrease in the 
selenium extractable into ammonium hydrox-
ide solution. 
Unlike the study conducted by HAMDY and 
GISSEL-NIELSEN (1976 a), the selenium ex- 
tractable into K2504 solution was not deter- 
mined in this study. The changes in the 
amounts of selenium extractable into 0,01 M 
KH2PO4 and hot water indicated, however, 
that the addition of organic matter has no 
significance from the point of view of sorbing 
of selenite in the studied mineral soils. 
Ammonium hydroxide solution extracted 
such a high proportion (15-30 %) of the sele- 
nium added as sodium selenite to clay soil that 
there is reason to believe that organic matter 
has a real significance as a sorbent of selenium. 
In the case of Carex peat, on the other hand, 
the addition of organic matter caused a clear 
reduction in the amount of selenite extractable 
into ammonium hydroxide and ammonium 
oxalate solutions as compared with untreated 
peat. 
The increase in the soil pH as a result of 
adding organic matter by an average 1,1 pH 
units in the case of fine sand and by 1,3 pH 
units in the case of Carex peat indicates that 
some reduction reactions have taken place. The 
high buffer capacity of clay presumably pre- 
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vented the addition of organic matter from 
changing the pH. 
Liming the soils clearly increased the extrac-
tion of selenite into hot water and dihydrogen 
phosphate solution. According to investiga-
tions carried out by CARY et al. (1967), 
GEERING et al. (1968), HINGSTON et al. 
(1971), FROST and GRIFFIN (1977), the adsorp-
tion of selenite on clay minerals and oxide sur-
faces decreases with increasing pH. 
Liming affected the extractability of selenate 
less than that of selenite. In the fine sand ex-
periments the extractability of selenate in hot 
water and 0,01 M KH2PO4 increased slightly 
but that in 0,05 M NH4 OH and 0,2 M"'" 
(NH4 )2C204 decreased in the clay. It was not 
clear whether the poor extractability of sele-
nium was due to the reduction of selenate to a 
less soluble form, possibly as a result of greater 
microbial activity. 
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SELOSTUS 
Seleniitin ja selenaatin pidättyminen maahan 
Toivo YLÄRANTA 
Maatalouden tutkimuskeskus 
Suomalaisten seleenin saanti ravinnosta on kansainvälisesti 
katsoen vähäistä. Saannin parantamisessa on yhtenä vaihto-
ehtona lisätä lannoitteisiin seleniitti- tai selenaattisuoloja ja 
kohottaa näin ravintokasvien seleenipitoisuutta. Seleniitin 
ja selenaatin pidättymisen tuntemisella erilaisissa maissa ja 
olosuhteissa on siten tärkeä merkitys arvioitaessa maahan 
lisätyn seleenin käyttökelpoisuutta kasveille. 
Laboratoriossa suoritettiin kolme kuukautta kestänyt 
muhituskoe, jossa tutkittiin natriumseleniittinä ja -sele-
naattina lisätyn seleenin pidättymistä savimaahan, hieta-
maahan ja saraturpeseen. 
Vesiliukoisesta seleenistä käytetään monasti nimitystä 
"kasveille käyttökelpoinen seleeni". Kuukauden muhituk-
sen jälkeen uuttui seleniittikoejäsenistä kuumaan veteen sa-
vimaasta 0-4 % lisätystä seleenistä, hietamaasta 1-9 % ja 
saraturpeesta 21-41 %. Kalkitus suurensi uuttuneen selee-
nin määrää. 
Sorptiokokeessa verrattiin seleniitin, selenaatin ja fosfaa- 
tin pidättymistä maahan. Tämän mukaan seleniitin pidät-
tyminen on vähäisempää kuin fosfaatin. Selenaattia ei pi-
dättynyt lainkaan tutkituista konsentraatioista. 
Muhituskokeen selenaattikoejäsenistä uuttui huomatta-
vasti enemmän seleeniä kuin seleniittikoejäsenistä. Osa lisä-
tystä selenaattiseleenistä ilmeisesti pelkistyi ja pidättyi, 
koska kuukauden pituisessa muhituskokeessa seleenin uut-
tuminen 0,01 M KH2F04  -liuokseen ja kuumaan veteen oli 
selvästi vähentynyt orgaanisen aineksen lisäyksen vaikutuk-
sesta. 
Erot kuumaan veteen uuttuvissa seleenimäärissä olivat 
vähäiset yhden kuukauden ja kolmen kuukauden muhituk-
sissa. 
Tulosten mukaan näyttäisi valtaosa savimaahan ja hieta-
maahan lisätystä seleniittiseleenistä muuttuvan varsin no-
peasti vaikeasti kasveille käyttökelpoiseen muotoon. Sen si-
jaan suurin osa selenaatista pysynee maassa helppoliukoise-
na ainakin kolme kuukautta. 
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RESEARCH NOTE 
PESTS OF CULTIVATED PLANTS IN FINLAND IN 1982 
MARTTI MARKKULA 
MARKKULA, M. 1983. Pests of cultivated plants in Finland in 1982. Ann. Agric. 
Fenn. 22: 40-43. (Agric. Res. Centre, Inst. Pest Inv., SF-31600 Jokioinen.) 
The damage caused by about fifty animal pests on cereals, forage plants, root crops, 
vegetables, rape, sugar beet, pea, apple, berries and other cultivated plants in Finland 
in 1982 is reported from the results of questionnaire surveys. 
The beginning of the growing season was cool and rainy, therefore the pests oc-
curred in small numbers. The answers to inquiries showed that the average abundance 
of ali pests, in terms of a 1-5 value scale, was 2,0, or the same as the year before. 
Since 1965 the same method has been used in gathering data. Only the values for 1976 
(1,8) and 1977 (1,9) were smaller than for the year under review. 
Along with the increased cultivation of oil seed rape the occurrence of Meligethes 
aeneus seems to have increased. During the summer of 1982 they attacked by the 
masses the maturing cauliflower cultivations in southern Finland, and made the pro-
ducts unsuitable for marketing. Trioza apicalis caused much injury to carrots in 
central Finland. 
During the winter Lepus europaeus, Arvicola terrestris, and Microtus agrestis caused 
greater injuries than the average in apple orchards. Argyresthia conjugella damaged the 
apple yield more than usually, and the damages by Cydia pomonella were about the 
average. 
Index words: plant pests, severity of damage, frequency of damage, 1982, Finland, 
Meligethes aeneus, Trioza apicalis, Argyresthia conjugella, Cydia pomonella. 
The survey is based on replies to inquiries sent 
to the advisers. at Agricultural Advisory 
Centres. The network of 200 advisers covers ali 
464 municipalitis. Four inquiries were sent to 
the dvisers during growing season, and replied 
were received as follows: 
Replies % Munici- 
palities 
% 
Spring inquiry 137 67 184 40 
First summer inquiry 117 57 155 33 
Second summer inquiry 109 54 144 31 
Autumn inquiry 108 53 138 30 
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Table 1. Results of questionnaires. Severity of damage estimated according to a scale of 0-10. Frequency of damage 




Severity of darnage 
1982 	1965-74 
Frequency of damage 
1982 	1965-74 
CERE ALS 
Rhopalosiphum padi (L.) 79 1,0 1,2 16 18 
' Macrosiphum avenae (F.) 61 0,7 1,4 17 22 
Elateridae 41 0,3 1,1 3 15 
Oscinella frit (L.) 100 0,3 1,0 5 13 
Phyllotreta vittula (Redtb.) 84 0,2 1,0 5 18 
FORAGE PLANTS 
Amaurosoma spp. 56 1,0 1,5 17 28 
Apion spp. 34 0,4 1,0 7 16 . 
RAPE AND TURNIP RAPE 
Meligethes aeneus (F.) 48 1,9 1,8 69 40 
Phyllotreta spp. 46 0,9 28 
Ceutorhynchus assimilis (Payk.) 20 0,6 18 
Dasineura brassicae (Winn.) 15 0,3 13 
SUGAR BEET 
Pegomya betae (Curt.) 76 1,6 1,8 37 48 
Lygus rugulipennis Popp. 27 1,2 1,9 40 43 
Silpha opaca L. 19 0,8 1,4 15 33 
Chaetocnema concinna (March.) 52 0,7 1,7 28 40 
PEA 
Cydia nigricana (F.) 	' 36 1,0 1,9 30 37 
ROOT CROPS AND VEGETABLES 
Pieris brassicae (L.) etc. 44 1,7 1,7 27 29 
Delia radicum (L.) and 82 1,7 2,0 27 28 
D. floralis (Fall.) 
Plutella xylostella (L.) 55 1,6 1,6 23 21 
Trioza apicalis (Först.) 52 1,2 1,3 24 21 
Delia antiqua (Mg.) 49 1,1 1,9 11 21 
Phyllotreta spp. on crucifers 81 0,9 2,0 22 38 
BrevicOryne brassicae (L.) 24 0,7 0,8 10 14 
Psila rosae (F.) 39 0,6 0,8 8 10 
Phaedon cochlearie (F.) 31 0,5 1,1 10 19 
APPLES 
Argyresthia conjugella Zell. 45 3,4 3,4 57 46 
Lepus europaeus Pallas and L. timidus L. 76 2,5 1,6 34 15 
Microtus agrestis (L.) stem damages 45 1,9 1,1 15 8 
Cydia pomonella (L.) 35 1,9 2,5 33 42 
Aphis pomi (Deg.) 34 1,1 1,5 11 24 
Yponomeuta padellus malinellus Zell. 23 1,0 1,6 22 23 
Arvicola terrestris (L.) root damages 37 1,0 0,5 9 4 
Panonychus nimi (Koch.) 41 0,7 1,3 17 21 
Psylla mali (Schmidbg.) 30 0,4 0,9 9 13 
Xyleborus dispar (F.) 27 0,0 0,5 1 4 
BERRIES 
Tarsonemus pallidus Bks. 63 1,7 2,0 22 28 
Cecidophyopsis ribis (Westw.) 84 1,5 2,2 18 30 
Byturus urbanus (Lndp.) 39 . 	1,2 1,7 19 29 
Nematus ribesii (Scop.) and 43 1,1 1,7 12 16 
Pristiphora pallipes Lep. 
Lampronia capitella Cl. 69 1,1 1,9 16 22 
Pachynematus pumilio Knw. 43 1,0 1,3 13 21 
Tetranychus urticae (Koch.) 37 1,0 1,3 14 21 
Aphididae on Ribes spp. 49 0,9 1,8 18 26 
Anthonomus rubi (Hbst.) 44 0,9 1,6 16 26 
Zophodia convolutella (Hbn.) 34 0,4 0,9 8 12 
PESTS ON SEVERAL PLANTS 
Hydraecia micacea (Esp.) 51 1,3 1,2 17 21 
Deroceras agreste (L.) etc. 29 0,6 1,3 14 24 
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Each inquiry requested an estimate on the 
severity and frequency of damage caused by the 
pests specified in the questionnaire. A scale of 
0-10 was used to estimate the severity of 
damage, and the frequency of damage was 
estimated in terms of the percentage of cultiva-
tions where damage had occurred in each ob-
servation area. 
In the autumn inquiry the advisers were also 
asked to make a general estimate of the abun-
dance of pests throughout the growing season. 
A scale 1-5 was employed for this: very sparse, 
sparse, normal, abundant, very abundant. -The 
same inquiry asked for an estimate of the per-
centage of apples daMaged by Argyresthia 
conjugella, Cydia pomonella, and of pea pods 
damaged by Cydia nigricana. 
June was one of the coolest in this century, 
but afterwards the temperatures were relatively 
high. The sum of degreedays, however, re-
mained below the average except for the west-
ern parts of southern and ceritral Finland. May 
was rainy in the whole country, but then until 
the beginning of August the weather stayed 
rather dry. 
Due to the cool and rainy beginning of the 
growing season most pests occurred only in 
small numbers. The average abundance of 
pests, in terms of the 1-5 value scale, during 
the entire growing season was 2,0, or the same 
as the year before (MARKKULA 1982). Since 
1965 the same method has been used in gather-
ing data. Only the values for 1976 (1,8) and 
1977 (1,9) were smaller than for the year under 
review. The growing seasons of these years 
were remarkably cooler than usual and partly 
rainier, too (MARKKULA 1977, 1978). 
This year only some species caused more 
damage than the average during the ten-year 
period 1965-1974 (Table 1). Particularly in 
cereal and forage crops there were only a few 
pests. 
Along with the increased cultivation of the 
oil seed rape, the occurrence of Meligethes 
aeneus seems to have increased. Three years ago  
for the first time they were observed to move 
in masses in the latter part of the summer to 
the maturing cauliflower. They chewed in the 
heads small holes, which soon turned dark. 
Thus the sale value of the products decreased, 
or they became altogether unmarketable. This 
summer M. aeneus was observed to damage 
cauliflower in several localities in southern and 
southwestern Finland. Controlling the beetles 
in cauliflower has turned out to be problematic, 
because no pesticides can be used so close to 
the harvest due to the residue risks. 
In sugar beet and peas there were only slight 
pest attacks. According to the replies to the 
inquiry, Cydia nigricana damaged 9 % of the 
pea pods. The average for 1965-1974 was 
14%. 
Trioza apicalis caused here and there in 
central Finland greater damages than usually. 
Significant damages were observed as far north 
as in Varkaus (62° 18' N, 27° E). The occur-
rence of Psila rosae was insignificant. 
Lepus europaeus, Microtus agrestis and 
Arvicola terrestris caused more damage in apple 
orchards in the winter time than during the 
period 1965-1974 (Table 1). The advisers' 
estimates of damage to apples indicate the 
following: 
percentage of apples damaged replies 
1982 1981 1965-74 1982 
Argyrestbia conjugella 46 12 31 25 
Cydia pomonella 21 9 22 16 
The damages due to A. conjugella were thus 
clearly over the ten year average, and the 
damages by C. pomonella were about the 
average. The occurrence of Panonyc'hus ulmi 
and Psylla mali was very scarce. 
In berries there were only slight pest attacks. 
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SELOSTUS 
Viljelykasvien tuhoeläimet 1982 
MARTTI MARKKULA 
Maatalouden tutkimuskeskus 
Kasvukauden alku oli viileä ja sateinen. Ilmeisesti tästä 
syystä tuholaisten määrä jäi vähäiseksi. Maatalouskeskusten 
piiriagrologien esittämien arvioiden perusteella laskettu tu-
holaisten runsausluku oli 2,0 eli sama kuin edellisenä vuo-
tena. Samalla menetelmällä on tuholaisten runsautta arvioi-
tu vuodesta 1965 lähtien, ja ainoastaan kahtena vuotena on 
tuholaisten keskimääräinen runsausluku ollut vielä pienem-
pi: vuonna 1976 1,8 ja vuonna 1977 1,9. 
Rypsin viljelyn yleistymisen vuoksi näyttää rapsikuoriai-
nen lisääntyneen. Katsausvuotena kuoriaiset hyökkäsivät 
kypsymässä oleviin kukkakaaleihin Etelä-Suomessa suurin  
joukoin ja vioittivat ne myyntiin kelpaamattomiksi. 
Porkkanakemppi aiheutti porkkanaviljelyksillä pahaa tu-
hoa paikoin Keski-Suomessa ja vielä niinkin pohjoisessa 
kuin Varkaudessa saakka. 
Pihlajanmarjakoi vahingoitti omenasatoa keskimääräistä 
pahemmin ja omenakääriäinen keskimääräisesti. Talviaikana 
vioittivat jänikset, peltomyyrä ja vesimyyrä omenapui-
ta tavallista yleisemmin. Marjakasveissa oli vähän tuho-
laisia. 
Suomenkielinen katsaus on julkaistu Maaseudun Tule-
vaisuuden liitteessä Koetoiminta ja Käytäntö 25.1.1983. 
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Karkearehu ratkaisee ostorehun tarpeen. Laiho 1982. 
p. 11. 
Ureafosfaattiolki ei sovi lypsylehmille. Liitto 23.10.82. 
Lapin koeasema, Rovaniemi 
Lapland Experimental Station, Rovaniemi 
SALO, Y. Maatalouden tutkimuskeskuksen Lapin koe-
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34-36. 
Puna-apilan siemensadon varmistaminen. Siemenviljely-
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KAUPPILA, R. Ettåriga vallar. Uppsats vid nordisk forskar-
och fortbildningskurs. Lammi 8.-12. februari 1982. 
20 p. 
Palkokasvit viljan aluskasveina. Omavarainen maatalous 
1: 5. 
Viherlannoitus karjattomaan kiertoon. Pellervo 83, 
7: 6-7. 
Apilaa aluskasviksi. Pellervo 83, 8: 24-25, 27. 
Maanparannuskasvit avomaan puutarhaviljelyssä. Puu-
tarha-alan 19. rationalisointipäivien kurssit Lepaassa 
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Roskilde 7.-9.9.1982. 
LALLUKKA, U., VARIS, E. & REPO, R. The effect of source 
of nitrogen on protein fractions and the proportions in 
barley grains. J. Agric. Sci. Soc. Finl. 54: 155-164. 
VARIS, E. Viljelymenetelmien vaihtoehdot. Kotipuutarha 
42: 438-440. 
Viljelymenetelmien vaihtoehdot. Maatalous 75: 96-97. 
Biologisesti vai biodynaarriisesti? 	Puutarha 85: 
224-225. 
Leipäviljan laadun vaihtelun syistä. HY, kasv.tuot. 
kerho, Leipäviljapäivä: 33-37., 
Kasvintuotannon huoltokyky. Käytännön Maamies 31, 
3: 60-61. 
Perunasato lannoitteena. Tärkk.peruna 2829. 
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Symp. Biol. Nitr. Fix.: 219-231. Helsinki. 
Kasvipatologian laitos 
Department of Plant Pathology 
KARJALAINEN, R. Septoria-sienen leviäminen ja vaikutus 
vehnän satoon. Kylvösiemen 2: 4-5. 
& LAITINEN, A. Screening for resistance of spring wheat 
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KURPPA, A. Perunan kierrelehtisyysviroosi. 3. kasvitauti- ja 
tuhoeläinpäivä, Viikki 13.1.1982. Kasvinsuojeluseura ry. 
68 p. 
Perunan kierrelehtisyysvirus. Suom. Maatal.tiet. Seur. 
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Sienituhoja siemenviljassa. Pellervo 83, 8: 30-31. 
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LAITINEN, A., KARJALAINEN, R. & JuuTi, T. Septoria-
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TAHVONEN, R. Sädesienien käyttömahdollisuus tautien 
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KENTTÄMIES, H. Naudanlihan tuotantoon vaikuttavista 
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vun mittaamisesta kenttäkokeissa. Kotieläinjalostuksen 
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Naudanlihan tuotantoon vaikuttavista tekijöistä. Nau-
takarja 12, 4: 15-16. 
Ruokintatyypin ja eläinaineksen välinen yhdysvaikutus. 
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51. 84 p. 
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32: 215-224. 
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Kotieläintieteen laitos 
Department of Animal Husbandry 
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, HUIDA, L. Digestibility of amino acids in pig diets 
containing Eurolysine bacterial protein or Pekilo protein, 
with special reference to a gas chromatographic method 
used in amino acid deterrnination. J. Scient. Agric. Soc. 
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Finland. Sels' skohozjajstvennaja Biologija 17: 386-
393. 
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taloustieteen päivät. Suom. Maatal.tiet. Seur. tiedote 
2: 118-122. 
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formaldehyde-treated urea by rumen microbes in vitro, J. 
Scient. Agric. Soc. Finl. 54: 15-24. 
& SYRJÄLÄ-QVIST, L. Effect of the crude protein level on 
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J. Scient. Agric. Soc. Finl. 54: 119-126. 
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korjuuaikana. Koetoim. ja käyt. 2.11.82. p. 56. 
& SALONEN, J. Effect of protein and energy supply on 
nitrogen utilization in reindeer. Third Intern. Reindeer/ 
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source for high-production dairy cows on grass silage and 
hay based feeding. J. Scient. Agric. Soc. Finl. 
54: 145-153. 
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parameters in Finnish mineral soils. I Interpretation and 
application of phosphorus sorption-desorption iso therms. 
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isotherms and their relation to soil characteristics. J. 
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astiakokeessa. Suom. Maatal.tiet. Seur. tiedote 2: 196. 
Effect of liming on the value of magnesium sulphate and 
two dolomitic limestones as magnesium sources for 
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Kannattaako Uudenmaan peltoja hivenlannoittaa? 
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143-144. 13 p. Eripainos. 
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SALONIEMI, H. Effekten av äppelvinättika-behandling på 
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